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1, COMPONENT 


















HY XxXxXXXX XxX X X — XxX 

HYUNDAI PRODUCT | . PEED 
Identifier 25: 25ns 
30: 30ns 
DEVICE NAME 35: 35ns 
Device Type, 60 : 60ns 
Organization, 70 70ns 
Density & 80 80ns 
Operating Mode 85: 85ns 
10 : 100ns 

DIE DESIGN REVISION 12: 120ns . 
BLANK : None 15 : 150ns 
A : First Revision 20 = 200ns 
* 25 : 250ns 
TEMPERATURE RANGE & POWER CONSUMPTION phen 
BLANK:  0°C to 70°C, Standard Power fore ee ee ee 
LE >  0°C to 70°C, Low Power Ss: Plastic DIP -300 mil 
LL > 0°C to 70°C, Low Low Power P : Plastic DIP -600 mil 
E : —40°C to 85°C, Standard Power J : Plastic SOJ -300 mil 
SOJ -350 mil 
SOP-150 mil 
SOP-330 mil 
SOP-525 mil 


F : Plastic LCC -330 mil 
T: Thin SOP -300 mil 






. Z: ZIP -400 mil 
2. MODULE 
HYM XXXXXX XK XK — XX 

HYUNDAI MODULE | SPEED 

Identifier 60: 60ns 
70: 70ns 

DEVICE NAME 80: 80ns: 

Device Type, 10 : 100ns 

Organization, . 12 : 120ns 


Density & 


Operating Mode CONNECTOR TYPE 


M : Socket (Edge) 





MODULE DESIGN REVISION: 





BLANK : None 
A : First Revision | 
B : Second Revision 


% MASK ROM only 





~ 256K bit 


HY53C256S-70 


HY53C256S-80 
HY53C256S-10 
HY53C256S-12 
HY53C256F-70 
HY53C256F-80 
HY53C256F-10 
HY53C256F-12 


QUICK REFERENCE 


16Pin PDIP 
16Pin PDIP 
16Pin PDIP 
16Pin PDIP 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 


16Pin PDIP 
16Pin PDIP 
16Pin PDIP 
16Pin PDIP 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 


HY53C256LS-70 
HY53C256LS-80 
HY53C256LS-10 
HY53C256LS-12 
HY53C256LF-70 
| HY53C256LF-80 
HY53C256LF-10 
HY53C256LF-12 


HY53C4648-70 
HY53C464S-80 
HY53C464S-10 
HY53C464S-12 
HY53C464F-70 
HY53C464F-80 
HY53C464F-10 
HY53C464F-12 


18Pin PDIP 
18Pin PDIP 
18Pin PDIP | 
18Pin PDIP 
18Pin PLCC 
18Pin PLCC 


| 18Pin PLCC 


18Pin PLCC 


HY53C464LS-70 
HY53C464LS-80 
HY53C464LS-10 
HY53C464LS-12 
HYS53C464LF-70 
HY53C464LF-80 
HY53C464LF-10 
HY53C464LF-12 
HY51C1000S-80 
HY51C1000S-10 
HY51C1000S-12 
HY51C1000-80 


18Pin PDIP 
18Pin PDIP 
18Pin PDIP 
18Pin PDIP 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 
18Pin PLCC 
18Pin PDIP 
18Pin PDIP 
18Pin PDIP 
20/26Pin SOJ 
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HY51C1000J-10 


HY51C1000J-12 
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20/26Pin SOJ 
20/26Pin SOJ 





QUICK REFERENCE 



























DRAM(continued) 

eo a ee Ippi |-Ipp: | Ipps |. tree ae 

soe opin Ac 7 , PACKAGE 
1M bit |HY51C4256S-80 256K X 4 80 50} 95] 25 |] 15 20Pin PDIP 




















HYS51C4256S-10 
HY51C4256S-12 
HY51C4256J-80 
HY51C4256J-10 
HY51C42565-12 
HY531000S-60 
HY531000S-70 
HYS531000S-80 
HY531000S-10 
HY531000)-60 
HY531000J-70 
HY531000J-80 
HY531000-10 
HY531000AS-60 
HY531000AS-70 
HYS531000AS-80 
HY531000AJ-60 
HY531000AJ-70 


256K X 4 
256K X 4 
256K X 4 
256K X 4 
256K X 4 


100 | 65) 75} 25 
120 | 75} 70} 25 


20Pin PDIP 
20Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
18Pin PDIP 

18Pin PDIP 

18Pin PDIP 
18Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
18Pin PDIP 
18Pin PDIP 
18Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
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x 
x 
HY531000AJ-80 x 80 20/26Pin SOJ 
* HY531000AZ-60 IM X 1 60 20Pin ZIP 
* HY531000AZ-70 IM X 1 70 20Pin ZIP 
+ HY531000AZ-80 IM X 1 80 20Pin ZIP 
HY531000ALS-60 IM X 1 60 | 40] 85 02 18Pin PDIP 
HY531000ALS-70 IM X 1 70 | 40} 75 02 18Pin PDIP 
HY531000ALS-80 IM X 1 80 | 45} 65 02 18Pin PDIP 
IM X 1 60 | 40] 85 02 20/26Pin SOJ 
IM X 1 80 | 45| 65 02 20/26Pin SOJ 
+ HY531000ALZ-60 IM X 1 60 | 40] 85 02 20Pin ZIP 
+ HY531000ALZ-70 IM X 1 70 | 40} 75 02 20Pin ZIP 
#* HY531000ALZ-80 IM X 1 80 | 45] 65 0 20Pin ZIP 
HY534256S-60 256K X 4 60 | 40{ 90 20Pin PDIP 
HY534256S-70 256K X 4 70 | 40| 80 20Pin PDIP 
HY534256S-80 256K X 4 80 | 45} 70 20Pin PDIP 


HY534256S-10 
HY534256)-60 
HY534256)-70 
HY534256]-80 256K X 4 
HY534256)-10 256K X 4 


REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation. 
2. Refresh mode of all the above DRAMs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden Refresh 
cycles. 
3. (*) under development 


256K X 4 
256K X 4 
256K X 4 


20Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 

20/26Pin SOJ 



























QUICK REFERENCE 





DRAM(continued) 





& a 2 a a 
HY534256AS-60 256K X 4 
HY534256AS-70 — 256K X 4 
HY534256AS-80 256K X 4 

| HY534256AJ-60 256K. X 4 
HY534256AJ-70 256K X 4 
HY534256AJ-80 256K X 4 
* HY534256AZ-60 256K X 4 
* HY534256AZ-70 256K X 4 
* HY534256AZ-80 256K X 4 
HY534256ALS-60 256K X 4 
HY534256ALS-70 256K X 4 
HY534256ALS-80 256K X 4 
HY534256ALJ-60 256K X 4 
HY534256ALJ-70 256K X 4 

256K X 4 
* HY534256ALZ-60 256K X 4 
* HY534256ALZ-70 256K X 4 
* HY534256ALZ-80 256K X 4 


-| 20Pin PDIP 
20Pin PDIP 
20Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 
20Pin PDIP 
20Pin PDIP 
20Pin PDIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 

1024/16 | 20/26Pin SOSJ 
1024/16 | 20/26Pin SOJ 
1024/16 | 20/26Pin SOJ 
1024/16 | 20/26Pin SOJ 
1024/16 | 20/26Pin SOJ 
1024/16 | 20/26Pin SOJ 
1024/16 

1024/16 

1024/16 

1024/16 | 20Pin ZIP 
1024/16 | 20Pin ZIP 
1024/16 | 20Pin ZIP 
1024/128 | 20/26Pin SOJ 
1024/128 | 20/26Pin SOJ 
1024/128 | 20/26Pin SOJ 
1024/128 

1024/128 

1024/128 

1024/128 | 20Pin ZIP 
1024/128 | 20Pin ZIP 
1024/128 | 20Pin ZIP 


a 
ye fe es] : 


HY514100J-80 
HY514100J-10 
HY514100AJ-60 
HY514100AJ-70 
HY514100AJ-80 
HY514100AT-60 
HY514100AT-70 
HY514100AT-80 

* HY514100AZ-60 
* HY514100AZ-70 
* HY514100AZ-80 
HY514100ALJ-60 
HY514100ALJ-70 
HY514100ALJ-80 
HY514100ALT-60 
HY514100ALT-70 
HY514100ALT-80 

* HY514100ALZ-60 
* HY514100ALZ-70 
* HY514100ALZ-80 


REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation. 
2. Refresh mode of all the above DRAMs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden Refresh 
cycles. 
3. (*) under development 
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QUICK REFERENCE 





A 








HY514400AJ-60 
HY514400AJ-70 
HY514400AJ-80 
HY514400AT-60 
HY514400AT-70 
HY514400AT-80 

* HY514400AZ-60 
* HY514400AZ-70 
* HY514400AZ-80 
HY514400ALJ-60 
HY514400ALJ-70 
HY514400ALJ-80 
HY514400ALT-60 
HY514400ALT-70 
HY514400ALT-80 


* HY514400ALZ-60 
* HY514400ALZ-70. 
* HY514400ALZ-80 


HY514410AJ-60 
HY514410AJ-70 
HY514410AJ-80 
HY514410AT-60 
HY514410AT-70 
HY514410AT-80 

* HY514410AZ-60 
* HY514410AZ-70 
* HY514410AZ-80 
HY514410ALJ-60 
HY514410ALJ-70 
HY514410ALJ-80 
HY514410ALT-60 
HY514410ALT-70 
HYS514410ALT-80 


* HY514410ALZ-60 
* HY514410ALZ-70 
* HY514410ALZ-80 


DRAM(continued ) 
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70 100 
80 90 
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Toni | Fone | Ions | > 
024/16 


1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/16 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 
1024/128 


20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP ; 
20Pin ZIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 
20Pin ZIP 
20Pin ZIP 
20Pin ZIP 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 


20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin SOJ 
20/26Pin TSOP 
20/26Pin TSOP 
20/26Pin TSOP 


55 2 
HY524800J-80 512K X 8 80 | 50] 115} 2 1 1024/16 28Pin SOJ 
REMARK : 1. All the above DRAMs employ Fast Page Mode for fast access operation. 
2. Refresh mode of all the above DRAMs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden Refresh 


cycles. 
3. ( * ) under development 
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2. DRAM MODULE 





HYM5C8256M-70 256K X 8 
HYMS5C8256M-80 256K X 8 
HYMS5C8256M-10 256K X 8 
HYMSC8256M-12 256K X 8 
HYMS58256AM-60 256K X 8 
HYMS58256AM-70 256K X 8 
HYMS58256AM-80 256K X 8 
HYM58256AM-10 256K X 8 
2.25M bit | HYM5C9256M-70 


30Pin Socket 
30Pin Socket 
30Pin Socket 
30Pin Socket 
30Pin Socket 
30Pin Socket . 
30Pin Socket 
30Pin Socket 
30Pin Socket 


HYM5C9256M-80 
HYMS5C9256M-10 
HYMSC9256M-12 


HYM59256AM-70 © 


HYMS59256AM-80 


30Pin Socket 
30Pin Socket — 
30Pin Socket 
30Pin Socket 
30Pin Socket 


HYM59256AM-10 
HYMS581000M-60 
HYM581000M-70 
HYM581000M-80 
HYM581000M-10 
HYM581000AM-70 
HYMS581000AM-80 
HYM581000AM-10 
HYM581000BM-60 
HYMS581000BM-70 
HYM581000BM-80 
HYM581000BLM-60 
HYMS81000BLM-70 
HYMS81000BLM-80 
HYM591000M-60 
HYMS591000M-70 
HYM591000M-80 
HYM591000M-10 
HYM591000AM-70 
HYM591000AM-80 
HYMS591000AM-10 
HYM591000BM-60 
HYM591000BM-70 
HYMS591000BM-80 
HYMS591000BLM-60 
HYM591000BLM-70 
HYM591000BLM-80 


REMARK : 1. All the above DRAM MODULEs employ Fast Page Mode for fast access operation. 
2. Refresh mode of all the above DRAM MODULEs can be selected or combined among RAS-only, CAS-before-RAS, and 
Hidden Refresh cycles. — ; 


30Pin Socket 
30Pin Socket 
30Pin Socket 

_ 30Pin Socket 
30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/128 30Pin Socket 
1024/128 30Pin Socket 
1024/128: | 30Pin Socket 
30Pin Socket 

30Pin Socket 

30Pin Socket 

30Pin Socket 

1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 30Pin Socket 
1024/16 | 30Pin Socket 
1024/16 30Pin Socket 
1024/128 | 30Pin Socket 
1024/128 30Pin Socket 
1024/128 30Pin Socket 
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DRAM MODULE(continued) 
















































































































32M bit | HYMS584000M-70 4M X 8 50 8 | 1024/16 | 30Pin Socket 
HYMS584000M-80 50 | 640| 16 | 8 | 1024/16 | 30Pin Socket 
HYMS584000M-10 60 | 560! 16 | 8] 1024/16 | 30Pin Socket 
4M X 8 60 | 40] 840] 16 1024/16 | 30Pin Socket 
4M X 8 70 | 45|760| 16 | 8| 1024/16 | 30Pin Socket 
4M X 8 80 | 55] 680} 16 | 8 | 1024/16 | 30Pin Socket 
HYM584000ALM-60 4M X 8 60 | 40/840] 16 | 16 | 1024/128 | 30Pin Socket 
HYM584000ALM-70 4M X 8 70 | 45/760} 16 | 16 | 1024/128 | 30Pin Socket 
HYMS584000ALM-80 g0 | 55/680] 16 | 16 | 1024/128 | 30Pin Socket 
HYMS532100M-70 70 | 50|760| 16 | 8] 1024/16 | 72Pin Socket 
HYMS532100M-80 80 | 50] 680} 16 | 8] 1024/16 | 72Pin Socket 
“| HYMS532100M-10 100 | 60 | 600! 16 | 8 | 1024/16 | 72Pin Socket 
36M bit | HYM594000M-70 70 | 50] 810| 18 1024/16 | 30Pin Socket 
HYMS594000M-80 80 | 50} 720] 18 1024/16 | 30Pin Socket 
HYMS594000M-10 100 | 60| 630] 18 1024/16 | 30Pin Socket 
60 | 40| 947] 18 1024/16 | 30Pin Socket 
70 | 45} 855| 18 1024/16 | 30Pin Socket 
80 | 55| 765] 18 1024/16 | 30Pin Socket 

HYM594000ALM-60 60 | 40/945] 18 | 18] 1024/128 | 30Pin Socket | 
HYM594000ALM-70 70 | 451855] 18 | 18} 1024/128 | 30Pin Socket 
HYM594000ALM-80 80 | 55|765| 18 | 18 | 1024/128 | 30Pin Socket 
HYMS536100M-70 70 | 50 |104% | 24] 12 | 1024/16 | 72Pin Socket 
HYM536100M-80 so | 50} 940] 24 | 12 | 1024/16 | 72Pin Socket 






HYMS36100M-10 


REMARK : 1. All the above DRAM MODULEs employ Fast Page Mode for fast access operation. 
2. Refresh mode of all the above DRAM MODULEs can be selected or combined among RAS-only, CAS-before-RAS, and Hidden 
Refresh cycles. 
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1024/16 72Pin Socket 


27 





QUICK REFERENCE 





3. SRAM 


| HY6116AP-85 


HY6116AP-10 
HY6116AP-12 
HY6116AP-15 
HY6116ALP-85 
HY6116ALP-10 
HY6116ALP-12 
HY6116ALP-15 
HY6264P-70 
HY6264P-85 
HY6264P-10 
HY6264P-12 
HY6264P-15 
HY6264J-70 
HY6264J-85 
HY6264J-10 
HY6264J-12 


gslessaleses 


24Pin PDIP _ 


24Pin PDIP 
24Pin PDIP 
24Pin PDIP 
24Pin PDIP 
24Pin PDIP 
24Pin PDIP 
24Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 

28Pin SOP 

28Pin SOP 

28Pin SOP 
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HY6264J-15 
HY6264LP-70 
HY6264LP-85 
HY6264LP-10 
HY6264LP-12 
HY6264LP-15 
HY6264LJ-70 
HY6264LJ-85 
HY6264LJ-10 
HY6264LJ-12 
HY6264LJ-15 


28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
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HY6264AP-70 
HY6264AP-85 
HY6264AP-10 
HY6264AP-12 


28Pin PDIP. 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 


HY6264AP-15 
HY6264AJ-70 
HY6264AI-85 
HY6264AJ-10 
HY6264AJ-12 
HY6264AI-15 


28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
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eee 


256K bit 


HY6264ALP-70 


HY6264ALP-85 
HY6264ALP-10 
HY6264ALP-12 
HY6264ALP-15 
HY6264ALJ-70 
HY6264ALJ-85 
HY6264ALJ-10 
HY6264ALJ-12 
HY6264ALJ-15 
HY6264ALLP-70 
HY6264ALLP-85 
HY6264ALLP-10 
HY6264ALLP-12 
HY6264ALLP-15 
HY6264ALLI-70 
HY6264ALLJ-85 
HY6264ALLJ-10 
HY6264ALLF-12 
HY6264ALLI-15 
HY62C256P-85 


HY62C256P-10 


HY62C256P-12 
HY62C256P-15 
HY62C256J-85 
HY62C256J-10 
HY62C256J-12 
HY62C256J-15 
HY62C256LP-85 
HY62C256LP-10 
HY62C256LP-12 
HY62C256LP-15 
HY62C256LJ-85 
HY62C256LJ-10 
HY62C256LJ-12 
HY¥62C256LJ-15 
HY62256AP-70 
HY62256AP-85 


“HY62256AP-10 
-HY62256AP-12 
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28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP’: 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
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SRAM (continued) 
























DENSITY | -PARTNO - PACKAGE 


"956K bit | HY62256AJ-70 


ns: |mA/mA| HA | V 
1000 



































70 | 70) 2 28Pin SOP 
HY62256AJ-85 85 | 70| 2 | 1000 NA 28Pin SOP 
HY62256AJ-10 100 |. 70; 2 | 1000|N NA 28Pin SOP 
HY62256AJ-12 120 | 70| 2 | 1000 NA 28Pin SOP 
HY62256ALP-70 70 | 70} 2 | 100 50 28Pin PDIP 
HY62256ALP-85 85 | 70} 2 | 100 50 28Pin PDIP 
HY62256ALP-10 100 | 70} 2 | 100 50 28Pin PDIP 
HY62256ALP-12 120 | 70} 2 | 100 28Pin PDIP 
HY62256ALJ-70 70 |. 28Pin SOP 





HY62256ALJ-85 
HY62256ALJ-10 
HY62256ALJ-12 
HY62256ALLP-70 
HY62256ALLP-85 
HY62256ALLP-10 
HY62256ALLP-12 
HY62256ALLJ-70 
HY62256ALLIJ-85 
| HY62256ALLJ-10 - 
HY62256ALLJ-12 


28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin PDIP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
28Pin SOP 
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* HY628100P-70 70 NA NA 32Pin PDIP 
* HY628100P-85 85 32Pin PDIP 
* HY628100P-10 100 NA NA 32Pin PDIP 








* HY628100P-12 
HY628100J-70 


S 
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32Pin PDIP 
32Pin SOP 
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S 





HY628100J-85 NA NA 32Pin SOP 
HY628100J-10 NA NA 32Pin SOP 
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HY628100J-12 
* HY628100LP-70 
* HY628100LP-85 
* HY628100LP-10 
* HY628100LP-12 












32Pin SOP 
32Pin PDIP 
32Pin PDIP 
32Pin PDIP 
32Pin PDIP 






HY628100LJ-70 70 32Pin SOP 
HY628100LJ-85 85 50 32Pin SOP 
HY628100LJ-10 100 32Pin SOP 


HY628100LJ-12 
* HY628100LLP-70 
* HY628100LLP-85 
* HY628100LLP-10 
* HY628100LLP-12 
HY628100LLJ-70 
HY628100LLJ-85 
HY628100LLJ-10 
HY628100LLJ-12 
REMARK : (* ) available from the Ist Quarter 1993. 




















32Pin SOP 
32Pin PDIP 
32Pin PDIP 
32Pin PDIP 
32Pin PDIP 
32Pin SOP 
32Pin SOP 
32Pin SOP 
32Pin SOP 
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| PACKAGE 
32Pin PDIP 
32Pin PDIP 
32Pin PDIP 
32Pin SOP 
32Pin SOP 
32Pin SOP 
HY234001P-15 32Pin PDIP 
HY234001P-20 32Pin PDIP 
HY234001P-25 32Pin PDIP 
HY234001J-15 | 32Pin SOP 
HY2340015-20 32Pin SOP 
HY2340015-25 | 32Pin SOP 
HY234100P-15 512K X 8/256K X 16 40Pin PDIP 
HY234100P-20 512K X 8/256K X 16 40Pin PDIP 
HY234100P-25 512K X 8/256K X 16 40Pin PDIP 


1K bit | HY93C46S 
HY93C463 


HY18CV8S-25 0 Pin PDIP 


HY18CV8S-30 
HY18CV8S-35 


20 Pin PDIP 
20 Pin PDIP 
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“ALYS3C256 «e-- 


= HY53 








DESCRIPTION 


The HY53C256 is a high speed 262,144X1 
bit CMOS dynamic random access memory. 
Fabricated with HYUNDAI CMOS techno- 
logy, the HY53C256 offers a fast page mode for 
high data bandwidth, fast usable speed, CMOS 
standby current and, for the HY53C256L, re- 
duced CMOS standby mode supply current 
(Ipps) ° 

All inputs and outputs are TTL compatible. 
Input and output capacitances are significantly 
lowered to allow increased system perfor 
mance. 

Fast page mode operation allows random or 
sequential access of up to 512 bits within a row 
with cycle times as fast as 50 ns. Because of sta- 
tic circuitry, the CAS clock is not in the critical 
timing path. The flow-through column address 
latches allow address pipelining while relaxing 
many critical system timing requirements for 
fast usable speed. These features make the 
HY53C256 design is optimized suited for cache 
based mainframe and minicomputers, gra- 
phics, digital signal processing and high perfor- 
mance microprocessor systems. 

The HY53C256L offers a maximum data re- 
tention power of 5 mW when operating in 
CMOS standby mode and performs RAS-only 
or CAS-before-RAS refresh cycles. This mode 
is entered by holding RAS at a voltage greater 
than Vpp-0.2 when it is inactive. 
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ROW ADD. 
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BUFFER 
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FEATURES 


* Low power dissipation for HY53C256L 
— Operating Current, 100ns : 50mA (max. ) 
— TTL Standby Current : 2mA (max.) 
— CMOS Standby Current : 1mA (max.) 

* Read-Modify-Write Capability 

¢ RAS-only, Hidden, CAS-before-RAS 

_ Refresh Capability 

* Common I/O capability 

* Fast Page Mode operation for a sustained data 
rate up to 20 MHz 

* 256 Refresh cycles/4 ms 

* High reliability 16 pin 300 mil P-DIP and 18 pin 
PLCC _ 

* Fast access time and cycle time (ns) 
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|B0VS3Cose-70) 5325-80 H¥ 5502S 10}VS3C256-12 
Mas RAS hoes 70 ti 80 100 120 
Mis Che Reece 15 | 20 25 = | 
em | o [ | «| a 
Min Cycle Time,tad) 130.1145 175 205 | 


















HY53C256 262,144 X 1-Bit CMOS DRAM 
Gr ee 


ABSOLUTE MAXIMUM RATINGS 






SYMBOL 






[tour | Dua Ow Gunes CSCSC~iSC“‘( Cd 
pr Power Disigaton———SSSSCSCSC~—SCSCtw iw 
NOTE : 


1. Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 





















DC CHARACTERISTICS 
(T,=0C to 70C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 









SYMBOL | —_- PARAMETER 


Input Leakage Current(any input pin)| Vss<Vin<Vpp 


Output Leakage Current for Vss<Dout<Vpp 
High Impedance State RAS, CAS at Vin 





{Tio | 10 













Ipp1 Vpp Supply Current, Operating trc=trc(min.) 


— 














RAS, CAS at Vin, 
other inputs>Vss 


e] 8 ihe 


Ipp2 Vpp Supply Current, TTL Standby 
she. 








Vpp Supply Current, 
RAS-only Refresh 


eee 


Vpp Supply Current, 
Fast Page Mode 


Ipp3 trc=trc(min.) 














Ippa Minimum Cycle 














RAS>Vpp~0.2V, CAS= 
Vin, other inputs>Vss 


“dl Vpp Supply Current, 


Ips | cmos Standby 



















Vpp Supply Current, 


i) = w { w& Ww ~~ wn ~ 
ca aL ole ; ; ale alae 
















































DD6 | GAS-Before-RAS Refresh eopneven 50 ae : 
r 
Vit Input Low Voltage(all inputs) Vv 
Vin Input High Voltage(all inputs) -—— Vpopt! Vv 
Vo. | Output Low Voltage Iop=4.2mA 0.4 V 
Von {| Output High Voltage Ion= —5mA = Vv 
NOTES : 


1, Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with the output open. 
2. Ipp is dependent upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in Fast Page 
Mode. , 


HY53C256 262,144 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 

















j tras [RAS Pulse Width 80 | 75x | 100 | 78K | 120 | 75K] os | 
txc_| Read or Write Cyele Time | pias [ — [as | = [aos | = [os | 
[RAS Precharge Time | ps | 
[Row]Address Setup Time 
[Row Address Hold Time 
[Column Address to RAS Lead Time 
[RAS to Column Address Delay Time 
[Column Address Setup Time 
[Column Address Hold Time 
[RAS to CAS Delay 
[Access Time from RAS 
Access Time fom Column Address 
[Access Time from AS 
| tcascay | CAS Pulse Width in Read Cycle 
| tmsncey [RAS Hold Time in Read Cycel 
| tncs__| Read Command Setup Time 
| tmcu | Read Command Hold Time Referenced CAS 

Read Command Hod Tine Referenced @ RAS |S 


tcrp CAS to RAS Precharge Time 


Output Buffer Turn Off Delay 
Data Hold Time From CAS 
Write Pulse Width 
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tcas(w) | CAS Pulse Width in Write Cycle 
eee ee eee 
tos [Data In Setup Time 
ton [Data in Hold Time 

ton | Data In Hold Time Referenced to RAS 
33 
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Read-Modify-Write Cycle, RAS Pulse Width | 9 
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| tewo RAS to WE Delay in RMW Cycle 
CAS to WE Delay 
tawp Column Address to WE Delay 


w 
3/8 






rss [=| 
s[-[e[= [a | 


38] tcap Access Time from Column Precharge 
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HY53C256 262,144 1-Bit CMOS DRAM 


[at | noe, | Wote Command vo RAB tend Tine | 20 [| — [25 | — 
fa en. | te Gens 0 Eu ead [= Pos [= | ae | = 
8 | tase | RAS 
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NOTES : 


1 


. Operation within the tpap(max.) limit ensures that tpac(max.) can be met. trap (max.) is specified as a reference point only. If trap is greater than the specified 


trap(max.) timit, the access time is controlled by taa and tcac. 


- tpcp(max.) is specified for reference only. Operation within tpcp(max.) limits insures that trac(max.) and taa(max.) can be met. If tacp is greater than the 


specified tpcp(max.), the access time is controlled by taa and tcac. 


. Assumes that tran<trap(max.). If trap is greater than trap(max.), trac will increase by the amount that trap exceeds tpap(max. ). 
. Assumes that tpcp<trcp(max.). If tacp is greater than tpcp(max.), trac will increase by the amount that tpcp exceeds tpcp(max.). 
. Measured with a load equivalent to two TTL inputs and 100 pF in parallel. 

. Assumes that trap>trap(max.). . 

. Either tray or tpcH must be satisfied for a Read Cycle to occur. 

. (OFF and ton define the time at which Do rt reaches an open circuit condition and are not referenced to the output voltage levels. 

- twcs: tpwp. ‘awp and tcwp are not restrictive operating parameters. 

. twcs(min.) must be satisfied in an Early Write Cycle. . 

. tps and tpy are referenced to the latter occurrence of CAS or WE. 

. Access time is determined by the longer of taa, tCAc or tcap- 

. tp is measured between Vj}(min.) and Vy, (max.). AC measurements assume ty =5 ns. 

. An initial 200s pause and 8 RAS-containing cycles are required when exiting an extended period of bias without clocks. An extended period of time without clocks 


is defined as one that exceeds the specified Refresh Interval. 


CAPACITANCE ” 
(Tr=25C, Vop=5V+ we Vs5=0V, unless otherwise noted.) 




















~ SYMBOL “PARAMETER Aye, | MAX. UNIT 
Cini Addie. Din - - 6 pF 
Cin2 RAS, CAS, WE — pF 
Court Dout — 8 pF 








NOTE : 
1. Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 


3-4 


HY53C256 262,144X 1-Bit CMOS DRAM > 


TIMING DIAGRAMS 
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EARLY WRITE CYCLE 
tacy 
‘tRas(1) 
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Vit 
RCD(10) 


tcas(wy(25) ———» tcrp(rg) | <*——_ 


ICH(29) 





= im. 
io Le, (ILL. 


HY53C256 262,144X 1-Bit CMOS DRAM 


READ-MODIFY-WRITE CYCLE 











tawcr33) SS 
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RAS Vin eel 
, Vir + trp(3) ———_> 
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CAS 
Vio 
tRaH(s) > ~~ | tows 
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tawo(35) 







<-—_—_—_———-tewo136) ——————|_ |—twp22) —> 


eS a) LITLE 
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——_ 2 
traci) toFF(20) 


Vou ~_ 
Dour . HIGH-Z { VALID DATA OUT j 
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FAST PAGE MODE READ CYCLE 














——— tras) a4 | [tari —e 
Vin 
RAS +—_—— tcarie) —_——> 
Vic 
-—_—————— tesH46; —————_> 
>) i tcrpiig) § }<+—_———tPc139) ——_——_» <—- trsH(R\15) ———e 
. <+——| tcp(23) 
tacpi10) }<—— tcasiny14)-—— +—— tcasyry14, > 
Viq o— \ 
CAS Vin 
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ULL sooress 
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Vin 
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HY53C256 262,144X1-Bit CMOS DRAM 


FAST PAGE MODE WRITE CYCLE 





re tras( 2 —e»| |<— trr(3) > 
ae Vin 
RAS 
: Vir 
+———— tesHi40) > 
—_ +> torpyig) ———_——- tpciae) 
+] toP(23) 
—*\ + tcas(wy25)-———> +— tcasiwy25) ——> 
Vin —— +— I casiwy25)-——> 


A Ve —, 
tRAH(S) | [om —s is j<—| tcania) +] tania) 
tasrya) | |<— ach  tascia) —{ | fascia) 
Vin 
ROW OL COL COL 
ree ~TREEK ME XZ TUR EE ILL LL RES ILL LL 
+ | twor(29) +—_+| twenties) >| tweri29) 


—>} |< twesi2s) | | twosi28) 
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FUNCTIONAL DESCRIPTION 


The HY53C256 is a CMOS dynamic RAM op- 
timized for high data bandwidth, low power ap- 
plications. It is functionally similar to a tradi- 
tional dynamic RAM. The HY53C256 reads and 
writes data by multiplexing an 18-bit address 
into a 9-bit row and a 9-bit column address. The 
row address is latched by the Row Address St- 
robe(RAS). The column address flows through 
an internal address buffer and is latched by the 
Column Address Strobe(CAS). Because access 
time is primarily dependent on a valid column 
address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to 
CAS has little effect on the access time. 


MEMORY CYCLE 


A memory cycle is initiated by bringing RAS 
low. Any memory cycle, once initiated, must 
not be ended or aborted before the minimum 
tras time has expired. This ensures proper de- 
vice operation and data integrity. A new cycle 
must not be initiated until the minimum pre- 
charge time trr/tcp has elapsed. 


READ CYCLE 


A read cycle is performed by holding the 
Write Enable (WE) signal high during a 
RAS/CAS operation. The column address 
must be held for a minimum time specified by 
tar. Data out becomes valid only when trac, taa 
and tcac are all satisfied. As a result, the access 
time is dependent on the timing relationships 
between trac, taa and tcac. For example, the ac- 
cess time is limited by ta, when trac(min.) are 
both satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE and 
_CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
on whether WE or CAS falls later. Consequen- 
tly, the input data must be valid at or before 
the falling edge of WE or CAS, whichever oc- 
curs last. In the CAS-controlled write cycle 
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when the leading edge of WE occurs prior to 
the CAS low transition, the output(Dour) pin 
will be in the High-Z state at the beginning of 
the write function. Ending the write with RAS 
or CAS will maintain the output in the High- 
Z state. 





REFRESH CYCLE 


To retain data, 256 refresh cycles are required 
in each 4 ms period. There are two ways to ref- 
resh the memory : 

. By clocking each of the 256 row addresses(A o 
through A;) with RAS at least every 4 ms. 
Any read, wrtie, read-modify-write or RAS- 
only cycle refreshes the addressed row. 

. Using. a CAS-before-RAS refresh cycle. If 
CAS makes a transition from low to high to 
low after the previous cycle and before RAS 
falls, CAS-before-RAS refresh is activated. 
The HY53C256 will use the output of an inter- 
nal 8-bit counter as the source of row address 
and ignore external address inputs. 
‘CAS-before-RAS is a “refresh-only” mode 
and no data access or device selection is al- 
lowed. Thus, Dour will remain in the 
High-Z state during the cycle. 

A CAS-before-RAS counter test mode is pro- 
vided to ensure reliable operation of the inter- 
nal refresh counter. The user can use the coun- 
ter test mode to write consecutive data patterns 
(256 write cycles) and then verify the written 
data by applying 256 consecutive read cycles. 


— 








N 








DATA RETENTION MODE 


The HY53C256 offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid Vn and an “extra 
high” Vin within 0.2V of Vpp. While the RAS 
clock is at the “extra high” level, the HY53C256 
power consumption is reduced to the low Ipps 
level. Overall Ipp consumption when operating 
in this mode can be calculated as follows : 


(= (tac) X (I active) + (tax—tre) X (Ipps) 


trx 


Where trc=Refresh Cycle Time 
trx= Refresh Interval/256 


HY53C256 262,144X I-Bit CMOS DRAM 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 512 col- 
umns within a selected row of the device to be 
randomly accessed at a high data rate. Maintai- 
ning RAS low while performing successive 
CAS cycles retains the row address internally 
~ and eliminates the need to reapply it for each 
cycle. The column address buffer acts as a tran- 
sparent or flow-through latch while CAS is 
high. 

Thus, access begins at the occurrence of a 
valid column address rather than at the falling 
edge of CAS, eliminating tasc and t; from the 
critical timing path. CAS latches the address 
into the column address buffer and acts as an 
output enable. 

During fast page mode operation, read, write, 
read-modify-write, or read-write-read cycles are 
possible at random addresses within a row. 
Following the initial entry cycle into fast 

page mode, access is tas Or tcar controlled. If the 
column address is valid prior to the rising edge 
of CAS, the access time is determined by the 
CAS rising edge(specified by tcap as shown in 
figure 1). If the column address is valid after 
the rising edge of CAS, the access is timed from 
the occurrence of the valid address and is spe- 
cified by tas. In both cases, the falling edge of 
CAS latches the address and enables the out- 
put. 

Fast page mode provides a sustained data 
rate of over 20 MHz for applications that re- 
quire high data rates like bit-mapped graphics 
or high-speed signal processing. The following 
equation can be used to calculate the maxi- 
mum data rate : 
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Data Rate= tno F511 X tre ¥511X tee 


DATA OUTPUT OPERATION 


The HY53C256 data output pin(Dour) has a 
three-state capability and is controlled by CAS. 
When CAS is high(> Vii), the output is in the 
High-Z state. Table 1 summarizes the Dour sta- 
tes possible for various memory cycles. 


POWER ON 


After application of the Vpp an initial pause of 
200us is required followed by a minimum of 8 
initialization cycles(any combination of cycles 
containing a RAS clock). Eight initialization 
cycles are required after extended periods of 
bias without clocks(greater than the refresh in- 
terval). 

During power on, the Vpp current require- 
ment of the HY53C256 is dependant on the input 
levels of RAS and CAS. If RAS is low during 
power on, the device will go into an active cycle 
and Ipp will exhibit current transients. It is re- 
commended that RAS and CAS track with Vpp 
or be held at a valid Vin during power on to 
avoid current surges. 





HY53C256 262,144X 1-Bit CMOS DRAM 
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TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES 










ig RYOTE. 


Read Cycle Data from Addressed Memory Cell 

CAS-Controlied Write Cycle(Early Write) 
Read: Modi Wie Cyl 
Fast Page Mode Read Cycle Data from Addressed Memory Cell 


CAS-before-RAS Refresh Cycle Data Remains as in Previous Cycle 
CAS-only Cycle High-Z 

























FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION. 
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HY53C256 262,144 1-Bit CMOS DRAM 


PACKAGE INFORMATION 


* 16 PIN PLASTIC DUAL IN LINE PACKAGE-—300 MIL 


MAX. 
UNIT : INCH(mm) ——~ 
MIN. 


“4 


0.250(6.350. 


858 


o 
ro 
x 
N 
oO 








0.775(19.685) 
0.755(19.177) 









(7.626) 


0.270(6.858) 
| 0.250(6.350) | 





0.135(3.429) 


0.145(3.683) 















0. 
(2.540) 


0.140(3.556) 
0.120(3.048) 


; 0.021(0.533) 
0.015(0.381) 


¢ 18 PIN PLASTIC LEADED CHIP CARRIER—330 MIL 


0.535( 13.589) 
0.520( 13.208) 


0.493( 12.522) 
0.487(12.370) 









MAX. 
UNIT : INCH(mm) —— 
MIN. 






0.293(7.442) 
0.287(7.290) 


0.335(8.509) 
0.320(8.128) 


0.032(0.812) : 
0.026(0.661) 







MIN 0.015(0.381) 
0.0125(0.32) 


0.0091 (0.23) 








0.140(3.556) 


0.265(6.731) 
0.222(5.639) 


R0.035 
(0.889) 





0.422(10.719) 


MIN 0.015 (0.381) : 
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MEMO 





DESCRIPTION 


The HY53C464 is a high speed 65,536 x4 


bit CMOS dynamic random access memory. 
Fabricated with HYUNDAI CMOS techno- 
logy, the HY53C464 offers a fast page mode 
for high data bandwidth, fast usable speed, 
CMOS standby current and, on request exte- 
ned refresh for very low data retention power 
CHY53C464L). 

All inputs and outputs are TTL Soripaiifle: 
Input and output capacitances are significantly 
lowered to allow increased system performa- 
nce. 

Fast page mode operation allows random ac- 
cess of up to 256(X4) bits within a row with 
cycle times as fast as 50 ns. Because of static 
circuitry, the CAS clock is not in the critical 
timing path. The flow-through column address 
latches allow address pipelining while relaxing 
many critical system timing requirements for 





fast usable speed. These features make the 


HY53C464 design is optimized suited for gra- 
phics, digital signal processing and high perfor- 
mance computing system. | 

The HY53C464L offers a maximum data re- 
tention power of 5mW when operating inCMOS 
standby mode and performs RAS-only or CAS- 
before-RAS refresh cycels. This mode is ente- 
red by holding RAS at a voltage greater than 
Vpp-0.2 when it is inactive. 
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FEATURES 


* Low power dissipation for HY53C464L 
— Operating Current, 100ns : 50mA (max. ) 
— TTL Standby Current : 2mA (max.) 
— CMOS Standby Current : ImA (max. ) 

¢ Read-Modify-Write Capability 

° RAS-only, Hidden, CAS-before-RAS 
Refresh Capability 

* Fast Page Mode operation for a sustained data 
rate up to 20 MHz 

* 256 Refresh cycles/4 ms 

* High reliability 18 pin 300 mil P-DIP and 18 pin | 
PLCC 

* Fast access time and cycle time (ns) 























7 TOHYS3C464-80 | HYS3C464-10|HY53C464-12 
Max.RAS Access 
Time, trac fy 80 100 120 
Max.CAS Access 30 35 40 
Time, tcac 
tt 
Min.Fast Page Mode 
Cycle Time, tpc 55 65 75 
oa ar 
145 175 205 
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OUTPUT ENABLE 









Ao—Ar _ | ADDRESS INPUT 
VOo—WVOs} DATA INPUT OUTPUT 
Voo POWER (+5V) 
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HY53C464 65,536 4-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 








T Ambient Temperature Under Bias 01070 
Tstc Storage Temperature(Plastic) , 








A 
—55 to 125 

a a 

[Power Disiptgn —t w 


NOTE : 
1. Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 





DC CHARACTERISTICS 
(T,=0C to 70C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 













——Paraweren TEST Conpmions. | speed |r| unr | 


Input Leakage Current(any input pin)| Vss<VivsVon_ | | to | wv] 


lo Output Leakage Current for Vss<Vout<Vpp_ vA 
ms High Impedance State RAS, CAS at Vin 
| (ez. ae eee aia ae] 
























Ipp1 Vpp Supply Current, Operating — trc=trc(min.) 


RAS, CAS at Vin, HY: 






o 











\ 
_ 
we 
wn ~ w 


3 
z 





Tilt 



























CAS-Before-RAS Refresh 


\ 
ae 
N 






ee | 
a 
hee 
=< 
aYsicasat| —— | 
eee 
ae ee 
‘Ippa Vp sveply Curent Minimum Cycle | -% | - | 4 | mA 
Fast Page Mode | -10 | — | 35 
P=2 f= [= 
; Vpp Supply Current, RAS>Vpp0.2V, CAS= |Hys3c44 | — [ 2 - 
brs CMOS Standby Vin, other inputs>Vss HYS3C464L] — — 1 
7 -7 | — | 70 
Vpp Supply Current, oh ia | -so | — | 
tro=trc( ) <a mA 
a 
ot 


nm 
< 








eu Dowager 
apo High Vaal inpus) [J 

Output High Voltage 
NOTES : 


1. Ipp is dependent upon output loading when the device output is selected. Specified Ipp(max.) is measured with the output open. 
2. Ipp is dependent upon the number of address transitions. Specified Ipp max.) is measured with a maximum of two transitions per address cycle in Fast Page 
Mode. 





Vit 
Vin 
VoL 
Vou 
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HY53C464 65,536X 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted. ) 









vee -PaaMeTER |  [AYS3C464-70 | HY53C464+-80 | HYS3C464-10 | HYS3C464-12 | ee. 
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tre Read or Write Cycle Time 130 | — |sas | — [is | — | 205] — | ns | | 
[i fees Peston Tne Pw ss = es Ps | 
4 CAS Hold Time 7 | — | 80 | — | 100 | 120 | — 
5 CAS Pulse Width 2} — 30 | — ns 
6 RAS to CAS Delay | 25 | 45 2s 50 ns 1 
7 | tres Read Command Setup Time te 0 ik — 0 _ ns == 
8 | taser Row Address Setup Time | 0 — 0 — ns | 
9! tran Row Address Hold Time cles 15 i _ 15 _ ns 
| 10 tasc Column Address Setup Time | 0 sees 0 _ ns 
E tcaH eoune Address Hold Time 15 | — 15 | — ns 
12 | trsucr) | RAS Hold Time in Read Cycle 25 _ 30 _ ns | 
13 | ‘tcrp CAS to RAS Precharge Time sf = is | — ns 
z 14] trcn Read Command Hold Time Referenced to CAS ia 5 = 5 = ns 2 
Be trey Ret Command Hold Time Referenced ie RAS Lt 5 — 5 si ae ns 2 
Ee tRoH RAS Hold Time Relves! to OE | a — 0 as ns | 
17 | toac Access Time from OE _— 4 15 — we 20 —_ ns 
Le tcac Access Time from CAS T= | 25 | — | 30 Bee ns 34 | 
19 | trac Access Time from RAS be ee 70 _— ‘i 80 _— ns 3,5,6 
20 | taa AECESS anne from Column Address fe ders L 35 — Sd 40 = ns = 
21 L tiz OE or CS to Low-Z Output i Of —_ 0 an = eh ns | 13 
OE or CAS to High-Z Output 0 15 0 20 ns 13 
Column Address Hold Time from RAS | 55 _ 60 i: —_ | ns li 
tRAD RAS to Column Address Delay Time [ 20 | 35 20 40 | 20 ns 8 
trsH(w) | RAS Hold Time in Write Cycle 2 | — oT _ 35 _ | ns 
tcw. | Write Command to CAS Lead Time 25 3) <= 30 ‘ 3 ns 
twes Write Command Setup Time 0 L _ 0 ke _ ns 9,10 
twcu Write Command Hold Time { 15 eae 15 = z 20 i ns 
twp Write Pulse Width 15 ~_ 15 — 2 ns 
twcr Write Command Hold Time from RAS ae 55 — 60 _ 7 ns 11 | 
Writ Command to RAS Lead Time a 2{ —- | 0; ~ a 35 ns 
tos Data In Setup Time o}| — o}| — | — | ns | on | 
a a eo ee 


5 = 
34 | won | Write 10 OF Hold Time Pa oh = toad et aor ok we has 
20 —~ 





























351 toep | OE to Data Delay Time i 28 80 ae — | 35} — lI 

36 | trwc | Read-Modify-Write Cycle Time 195 | — | 225 | ~— | 265 | — | 305 | — | ns | 
37 | trrw _| Read-Modify-Write Cycle, RAS Pulse Width 125 | — [145 ATS oe 1 DOS I ee as | 
38 | tcwp (ex to WE Delay so {| — | | — 70 | — | 80} — | ns 9 | 
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HY53C464 65,536 4-Bit CMOS DRAM 


PARAMETER. 


39 | hwo _|RISo WE Deyn Ree Gok [95 | 
CAS Pulse Width(RMW) 

Column Address to WE ‘Delay 

Fast Page Mode Read or Write Cycle Time 

CAS Precharge Time 

Column Address to RAS Lead Time 


Access Time from Column Precharge 


4 


w 


g 


40 
43 
45 


45 | tcap 


Data In Hold Time Referenced to RA 
CAS Setup time, CAS-before-RAS Refresh 
RAS to CAS Precharge Time 

CAS Hold Time CAS-before-RAS Refresh 
Fast Page Mode Read-Modify-Write Cycle Time 
Transition Time(Rise and Fall) 

tri Refresh Interval(256 Cycles) 


NOTES.: . 

1. tacp(max.) is specified for reference only. Operation within tpc¢p(max.) limits insures that tpac(max.) and taq(max.) can be met. If tacp is greater than the 
specified tacp(max.), the access time is controlled by taa and tcac. 

. Either tary Or RCH must be satisfied for a read cycle to occur. 

. Measured with a load equivalent to two TTL inputs and 100 pF. 

. Access time is determined by the longer of taa, tcac or tcap. 

. Assumes that trap<trap(max.). If trap is greater than tpap(max.), RAC will increase by the amount that trap exceeds trap (max.). 

. Assumes that tpcp<trcp(max.). If trcp is greater than trcp(max.), trac will increase by the amount that tpcp exceeds tacp (max. ). 

. Assumes that tRap>trap(max.). 

. Operation within the trap (max.) limit ensures that tpac(max.) can be met. trap (max. ) is specified as a reference point only. If trap is greater than the specified 
trap(max.) limit, the access time is controlled by taa and tcac. 

9. twos; tRWD: tawpD and tcwp are no restrictive operating parameters. 

10. twecs(min.) must be satisfied in an Early Write Cycle. 

11. tpg and toy are referenced to the latter occurrence of CAS or WE. 

12. ty is measured between Vyyy(min.) and Vy, (max.). AC-measurements assume tr =5ns. 

13. Assumes a three-state test load(5 pF and a 380 Ohm Thevenin equivalent) 

14. An initial 200s pause and 8 RAS-containing cycles are required when exiting an extended period of bias without clocks. An extended period of time without clocks 

is defined as one that exceeds the specified Refresh Interval. 


om | st - 
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47 | tcsr 


49 | tcur 
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CAPACITANCE® | 
(Tr=25C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 


(ee ae 
- 
ee mere 
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NOTES : 
1, Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 
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HY53C464 65,536 4-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (READ) 


tac(2, -——_———_—————+ |} __—_—_——_— trea) 

















KE 5c aman 

= * yy 
i oe ~ TET. Ee TLL 
2 oe ce ee 





HIDDEN REFRESH CYCLE (WRITE) 




















me TNR nome EX MLL 
= “ITT a . ee 
= 








HY53C464 65,536X4-Bit CMOS DRAM 





CGAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





a Vin — 


Vir _ 








CAS i _ : fi/ 
a SERIE ¥ 
rw LILLIA 





READ CYCLE 





























3-27 





HY53C464 65,536 4-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY53C464 is a CMOS dynamic RAM op- 
timized for high data bandwidth, low power ap- 
plications. It is functionally similar to a tradi- 
tional dynamic RAM. The HY53C464 reads and 
writes data by multiplexing a 16-bit address into 
a 8-bit row and a 8-bit column address. The row 
address is latched by the Row Address Strobe 
(RAS). The column address flows through an 
internal address buffer and is latched by the 
Column Address Strobe(CAS). Because access 
time is primarily dependent on a valid column 
address rather than the precise time that the 
CAS edge occurs, the delay time from RAS to 
CAS has little effect on the access time. 


MEMORY CYCLE 


A memory cycle is initiated by bringing RAS 


low. Any memory cycle, once initiated, must 


not be ended or aborted before the minimum 
tras time has expired. This ensures proper de- 
vice operation and data integrity. A new cycle 
must not be initiated until the minimum pre- 
charge time trp/tcp has elapsed. 


READ. CYCLE 


A read cycle is performed by holding the 


Write Enable (WE) signal high during a 
RAS/CAS operation. The column address 
must be held for a minimum specified by tar. 
Data out becomes valid only when toac, taa and 
tcac are all satisfied. As a result, the access time 
is dependent on the timing relationships bet- 
ween these parameters. For example, the access 
time is limited by ta, when trac, tcac and toac 
are all satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE and 
_ CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
on whether WE or CAS falls later. Consequen- 
tly, the input data must be valid at or before 
the falling edge of WE or CAS, whichever oc- 
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curs last. In the CAS-controlled write cycle 
when the leading edge of WE occurs prior to 
the CAS low transition, the I/O data pins will 
be in the High-Z state at the beginning of the 
write functionl. Ending the write RAS or CAS 
will maintain the output in the High-Z state. 

In the WE controlled write cycle, OE must 
be in the high state and torn must be satisfied. _ 


REFRESH CYCLE 


To retain data, 256 refresh cycles are required 


in each 4 ms period. There are two ways to ref- 
resh the memory. 


1. By clocking each of the 256 row addresses(Ao 
through A,) with RAS at least once every 
Ams. Any read, wrtie, read-modify-write or 
RAS-only cycle refreshes the addressed row. 








2. Using a CAS-before-RAS refresh cycle. If 
CAS makes a transition from low to high to 
low after the previous cycle and before RAS 
falls, CAS-before-RAS refresh is activated. 
The HY53C464 will use the output of an in- 
ternal 8-bit counter as the source of row add- 
resses and ignore external address inputs. 
CAS-before-RAS is a “refresh-only” mode 

and no data access or device selection is allo- 

wed. Thus, the output will remain in the High- 

Z state during the cycle. A CAS-before-RAS 

counter test mode is provided to ensure rehable 

operation of the internal refresh counter. 





DATA RETENTION MODE 


The HY53C464 offers a CMOS standby 


mode that is entered by causing the RAS clock 
to swing between a valid Vi. and an “extra 
high” Vin within 0.2V of Vpp. While the RAS 
clock is at the “extra high” level, the HY53C464 
power consumption is reduced to the low Ipps 
level. Overall Ipp consumption when operating 
in this mode can be calculated as foolows : 


ie (trc) X (I active) + (trx— tre) X (pps) 


trex 


Where trc=Refresh Cycle Time 


trax= Refresh Interval/256 


| HY53C464 65,5364 Bit CMOS DRAM. 
Pes Rg Th TS ag nL a ge ES) 




















FAST PAGE MODE OPERATION DATA OUTPUT OPERATION 

Fast page mode operation permits all 256 The HY53C464 input/output is controlled by 
columns within a selected row of the device to OE, CAS, WE and RAS. A RAS low transition 
be randomly accessed at a high data rate. Mai- enables the transfer of data to and from the se- 
ntaining RAS low while performing successive lected row address in the memory array. A RAS 
CAS cycles retains the row address internally high transition disables data transfer and lat- 
and eliminates the need to reapply it for each ches the output data if the output is enabled. 
cycle. The column address buffer acts as a tran- After a memory cycle is initiated with a RAS 
sparent or flow-through latch while CAS is low transition, a CAS low transition or CAS low 
high. Thus, access begins from the occurrence level enables the internal I/O path. A CAS high 
of a valid column address rather than from the transition or a CAS high level disables the I/O 
falling edge of CAS, eliminating tasc and t; from path and the output driver if it is enabled. A 
the critical timing path. CAS latches the add- CAS low transition while RAS is high has no 
ress into the column address buffer and acts as effect on the I/O data path or on the output dri- 
an output enable. vers. The output drivers, when otherwise enab- 

During fast page mode operation, read, write, - led, can be disabled by holding OE high. The 
read-modify-write, or read-write-read cycles are OE signal has no effect on any data stored in 
possible at random addresses within a row. the output latches. A WE low level can also di- 
Following the initial entry cycle into fast page sable the outpu drivers when CAS is low. Du- 
mode, access is ta Or tcap controlled. If the co- _ ring a write cycle, if WE goes low at a time in 
lumn address is valid prior to the rising edge relationship to CAS that would normally cause 
of CAS, the access time is referenced to the the outputs to be active, it is necessary to use 
CAS rising edge.(Specified by tcap as shown in OE to disable the output drivers prior to the WE 
figure 1). If the column address is valid after low transition to allow data in setup time(tps) 
the rising CAS edge, access is timed from the to be satisfied. 
occurrence of the valid address and is specified 
by tas. In both cases, the falling edge of CAS POWER ON 


latches the address and enable the output. After application of the Vpn an initial pause of 


Fast page mode provides a sustained data 200us is required followed by a minimum of 8 © 
rate of over 20 MHz for applications that re- initialization cycles(any combination of cycles - 
quire high data rates such as bit-mapped gra- containing a RAS clock). Eight initialization 
phics or highspeed signal processing. The follo- cycles are required after extended periods of 
wing equation can be used to calculate the ma- bias without clcocks(greater than the Refresh 





ximum data rate : Interval). 
7 256 During power on, the Vpp current require- 
Data Rate= inet 255 Xtc ment of the HY53C464 is dependant on the input 





levels of RAS and CAS. If RAS is low during 
power on, the device will go into an active cycle 
and Ipp will exhibit current transients. It is re- 
commended that RAS and CAS track with Vop 
or be held at a valid Vim during power on to 
avoid current surges. 
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HY53C464 65,536 4-Bit CMOS DRAM 


TABLE 1. DATA OUTPUT OPERATION FOR VARIOUS CYCLE TYPES 














ofe 
OE Convole, High OF=HighZ 10 
Data fom Addressed Memory Cel 
Date fom Addesed Memory Cl 
Data fom Addressed Memory Cel 


RAS-only Refresh Cycle High-Z 
CAS-Before-RAS Refresh Cycle Data Remains as in Previous Cycle 
. CAS-only Cycle High-Z 







Data from Addressed Memory Cell 




















FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 
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—_ 
+ 
Dour 


3-30 


HY53C464 65,536 4-Bit CMOS DRAM 


SS AR RN II a 
PACKAGE INFORMATION 


¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE-— 300 MIL 


MAX, 
UNIT : INCH(mm) —— 
MIN. 


0.300. BSC _, 
(7.620) 






0.915(23.241) 
0.895(22.733) 





<—0.270(6.858) —», 
0.250(6.350) 
















™—— 0.040( 1.016) 
























2 8 
ay 
RORY) 
35 sue ' 0.014(0.356) 
39 we! le 3-11 —"'*~ 6,008(0.200) 
0.065(1.651) 0.062(1.575) le 0.021(0.533) eg 
0.045(1.143) 0.050(1.270) 0.015(0.381) Bas 
0.100 BSC So 
(2.540) 


¢ 18 PIN PLASTIC LEADED CHIP CARRIER — 330 MIL 


MAX, 
UNIT : INCH(mm) ——— 
MIN. 





0.535( 13.589) 
0.520( 13.208) 


0.493(12.522) 
™ 0.487( 12.370) 


















0.320(8.128) 
0.293(7.442) 
0.287(7.290) 


0.335(8.509) 


MIN 0.015(0.381) 
0.0125(0.32) 
”0.0091(0.23) 





0.140(3.556) 





0.422(10.719) 









MEMO 





-DESCRIPTION 


The HY51C1000 is a high speed, low power 
1,048,576 X 1 bit CMOS dynamic random ac- 
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HY51C1000 offers a fast 
page mode for high bandwidth and clock- 
free page operation, fast usable speed, 
CMOS standby current and inherently high 
CMOS reliability. 

All inputs and outputs are TTL compatible. 
Input and output capacitances are significantly 
lowered to allow increased system perform- 
ance. 

Fast page mode operation allows random or 
sequential access of up to 1,024 bits within a 
row with cycle times as fast as 45ns. Because 
of static circuitry, the CAS clock is no longer 
in the critical timing path. The flow-through 
column latch allows address pipelining while 
relaxing many critical system timing require- 
ments for fast usable speed. These features 
make the HY51C1000 ideally suited for cache 
based mainframe and mini computers, gra- 
phics, digital signal processing, and high per- 
formance microprocessor systems. 

When RAS is > Vpp—0.2V, CMOS standby 
operation mode is active, and power drops to 
1.5 mW (typically). 


BLOCK DIAGRAM _ 












ON-CHIP 
AODRESS COUNTER 


= 


COLUMN ADDRESS 
DECODER 





ROW ADD. 
DECODER 
& 
LATCH 


Voo —~> ’ 
Vv VBB GENERATOR 
SS——> 







mi 








FEATURES 


* Low power dissipation 
- Operating current, 100ns : 75mA (max. ) 

_ = TTL standby current —: 2.5mA (max.) 
- CMOS standby current : 1.5mA (max.) 

* Read-Modify-Write capability 

* RAS-only, Hidden, CAS-before-RAS 
refresh capability 

* Common I/O capability 

¢ Fast Page mode operation for a sustained data 
rate up to 22 MHz 

* 512 refresh cycles/8 ms 

* High reliability 18 pin 300 mil P-DIP and 
20/26 pin SOF 

* Fast access time and cycle time (ns) 


ce 
20 


| eT 











Max RAS Access 


Tage | | 
Tj 20 
ime, tcac 









Min Fast: Page Mode 
Cycle Time, tpc 


Min Cycle Time, tpc 








P-DIP 
PIN NAMES 


ron [OMAINPUT 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


























+ * i ge PARAMETER cee : ae oe ES A 


Tstc Storage Temperature (Plastic) —55 to 125 
DD 
T 







i! i 
Pe 
SS 


NOTE: Stresses greater than those listed under ‘‘Absolute Maximum Ratings’? may cause permanent damage to the device. 





DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.). 


Input Leakage Current (any input pin) | Vss<Vin<Vpp 


Output Leakage Current for Vss = Dout<Vpp 
High Impedance State RAS, CAS at Vin 


fe Vpp Supply Current, Operating trc =trc (min.) 


Vpp Supply Current, TTL Standby ae ‘pues ue 


oi 

| -20 | 

aie 

| - 80 

| 10 

Vpp Supply Current, x | -80 | 
Fast page mode Minimum Cycle | -10 | 
| 

| 80 

| -10 | 

| -12 | 

coal 

Raa 

aes 

fae 
















TEST CONDITIONS ‘| SF 









a} ~ 
wa 
3 
> 
a 
N 










Vpp Supply Current, 


RAS-only Refresh 











tre =tre (min.) 


- 
> 


I Vpp Supply Current, RAS > Vpp —0.2V, CAS= 
DDs CMOS Standby Vin, other inputs > Vsg 





Vpp Supply Current, pace ‘ 
CAS-Before-RAS Refresh rc=trc (min.) 


afr 
Or 
Le) 
> 
NS) 


~~ 

vy 
a 

> 

tw 


i) ue wv = 
ne ° th | ole ° : 
3 Fz 
> 
w 


Input High Voltage (all inputs) 
L Output Low Voltage Io_ =4.2mMA 


NOTES : t 

1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 

2. Ipp is dependent upon the number of address transitions. Specified Ipp (max.) is measured with a maximum of two transitions per address cycle in 
Fast page mode. : : 

3. Specified Vj, Gmin.) is steady state operation. During transitions, V;, may undershoot to —1.0V for a period not to exceed 20ns. All AC parameters are 
measured with Vj, (min.)> Vsg and Vjy (max.) < Vpp. 


ee 
Vo 4 


2 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 


sympo.| - —spaRAMETER «= (ia titisLS | te SN 


PT [tess [RASPutce wicth «Sa | aK [00 | osx [no [ aK | om |_| 
2 [nc [Random ReadorwrieGuetine | 0 | - || - [| -|[~| | 
3 [uw [RaSPectavetine St OT - | -|*]-ls| | 
fa [tas [Row Aaaressetup Tine Ss o | - oe} -|e]-|=|_ 
Row Address Hold Time 

Column Address to RAS Set-up Time 
RAS to Column Address Delay Time 
Column Address Set-up Time 
Column Address Hold Time 
RAS to CAS Delay 

Access Time From RAS 

Access Time From Column Address 
Access Time From CAS 

CAS Pulse Width in Read Cycle 
RAS Hold Time in Read Cycle 
Read Command Set-up Time 


Read Command Hold Time Referenced to CA 
Read Command Hold Time Referenced to RA 


CAS to RAS Precharge Time 
Output Buffer Turn Off Delay 


Output Data Hold Time From CAS 


| ton 
Write Pulse Width 


WP 

CAS Precharge Time 

Column Address Hold Time From RAS. 

CAS Pulse Width in Write Cycle 

RAS Hold Time in Write Cycle 

Write Command Hold Time From RA 
twes Write Command Set-up Time 

Write Command Hold Time. 

Data-In Set-up Time . 


Data-In Hoid Time 


| tour | Data-In Hold Time Reference to RAS 


RMW Cycle Time 

RMW Cycle RAS Pulse Width 
RAS to WE Delay in RMW Cycle 
‘CAS to WE Delay 

Column Address to WE Delay 

Access Time From Column Precharge 
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM 


Fast page mode Read or Write Cycle time 


z 


CAS Set-up Time (CAS Before RAS Cycle) 
CAS Hold Time (CAS Before RAS Cycle) 


CAS Hold Time 





NOTES : 

1. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a referenced point only. If trap is greater than the 
specified trap(max.) limit, then the access time is controlled by tcaa and tcac. ; 

. trcp(max.) is specified for reference only. Operation within tpcp(max.) and tpap(max.) limit insure that tpac(max.) and tcaa(max.) can be met. 
If tncp is greater than the specified tac¢p(max.) then the access time is controlled by tcaa and tcac. | 

3. Assume trap<trap(max.) If trap is greater than tpap(max.) then trac will increase by the amount that trap exceeds tpap(max.) 

4. Assume trcp<trcp(max.) If tpcp is greater than tpcp(max.) then trac will increase by the amount that tacp exceeds tpcp(max.) 

5, Measured with a load equivalent to two TTL loads and 100 pF. : 

6. Assume trap>trap(max.) 

7. Either trey or tRcH must be satisfied for a read cycle. 

8. tofF and toy define the time at which the data output achieves the open circuit condition and is not referenced to:the output voltage levels. 

9. twos; twHc, twHR: trwb- tawD:> tcwp, are not restrictive operating parameters. ; 

10.twcs(min.) must be satisfied in the early write cycle. 

11.tpg and tpy are referenced to the latter occurence of CAS or WE. 

12. Access ‘time is determined by the longer of tcaa, tcac OF tcap- 

13.ty is measured between Vyy (min.) and Vy, Cmax.) 

14. AC measurements assume ty=Sns. : 

15. An initial pause of 200s is required after power-up and followed by a minimum of 8 initialization cycles(any combination of cycles containing a RAS clock 

such as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


Nv 


CAPACITANCE 
(T,=25°C, Vop=5V+t 10%, Vss=OV, unless otherwise noted.) 


ARETE 


RAS, CAS, WE 


NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 
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HY51C1000 1,048,576 X 1-Bit CMOS DRAM 


TIMING DIAGRAM _ 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM , | 
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READ-MODIFY-WRITE CYCLE 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 
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HY51C1000 = 1,048,576 x 1-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ) 
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tras) > <—\_—_—_——— trast) ———______» 
Vin — 
Vi —— 
tcorP(i9) 
_—| |<+———tacp(10) ——— | trsHiR\(5)—> << tcu(45) ———_> 
Vin 
Vi-—— 


Vir 


wee LITT TTA | TTT 


Vox —— 
Vo. — 





3-41 





HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (WRITE) 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


CAS-BEFORE-RAS- REFRESH COUNTER .TEST CYCLE 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY51C1000 is a CMOS dynamic RAM 
optimized for high data bandwidth and low po- 
wer applications. The functionality is similar to 
a traditional dynamic RAM. The HY51C1000 
_ reads and writes one bit of data by multiplexing 
20 bit address into 10 bit row and 10 bit column 
address. The row address is latched by Row 
Address Strobe(RAS). The column address, 
however, flows through the internal address 
buffer and is latched by the Column Address 
Strobe (CAS). Because access time is primarily 
dependent on a valid column address, the delay 
time between RAS and CAS can be long wi- 
thout affecting the access time. 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tkas timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle can not be ini- 
tiated until the minimum precharge time tre/tcp 
has elapsed. 


READ CYCLE 


A read cycle is performed by holding the 
Write Enable (WE) signal high during a 
RAS/CAS operation. The column address 
must be held for a minimum time specified by 
tar. Data output becomes valid only when trac, 
tcac and tca, are all satisfied. Consequently, the 
access time is dependent upon the timing rela- 
tionship among the trac, tcac and tcaa. For exa- 
mple, the access time is limited by tcaa when 
trac and tcac are both satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
upon the latter of WE or CAS low transition. 
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Consequently, the input data must be valid at 





or before the falling edge of WE or CAS, whi- 
chever occurs last. In a CAS controlled write 
cycle (the leading edge or WE occurs priors to 
or coincident with the CAS low transition) the 
output(Dour) pin will be in the high impedance 
state at the beginning of the write function. Ter- 
minating the write action with RAS or CAS 
going high will maintain the data output (Dour) 
in the high impedance state. 


REFRESH CYCLE 


To retain data, 512 RAS refresh cycle are re- 
quired in an 8 ms period. The refresh operation 
can be performed two ways : 

1. Clocking each of 512 row address(Ay th- 
rough Ag) with RAS at least every 8 ms pe- 
riod. Any combination of RAS cycle such as 
read, write, read-modify-write, or RAS-Only 
refresh cycle will perform a refresh on the 
selected row. 

2. CAS-before-RAS refresh cycle : If CAS go 
low prior to RAS go low, the chip enters a 
CAS-before-RAS refresh cycle. In CAS be- 
fore-RAS-refresh cycle the HY51C1000 will 
use an internal nine-bit counter output as the 
source of the row address and will ignore the 
external address input. 

This CAS-before-RAS refresh mode is a re- 
fresh only mode and no data access is allowed. 
Also, the CAS-before-RAS refresh cycle does 
not cause device selection and the state of the 
data output pin will remain in a high imped- 
ance state. 

In order to guarantee the reliable operation 
of the CAS-before-RAS refresh mode, a inter- 
nal counter test mode is provided. The user can 
use the counter test mode to write in a data pat- 
tern consecutively (512 write cycles) and then 
verify the data which has been written by 512 
consecutive read cycles. 








DATA RETENTION MODE 


The HY51C1000 offers a CMOS standby 
mode that is entered by causing the RAS clock 


HY51C1000 = 1,048,576 X 1-Bit CMOS DRAM 


to swing between a valid V, and an “extra 
high” V,, within 0.2V of Vop. While the RAS 
clock is at the “extra high” level, the HY51C1000 
power consumption is reduced to the low Ipps 
level. Overall Ipbp consumption when operating 
in this mode can be calculated as follows : 


I= (trc) X (I active) + (trx—trce) X pps) 
tex 


Where trc=Refresh Cycle Time 
trx = Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 1024 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Mai- 
ntaining RAS low while successive CAS cycles 
are performed retains the row address interna- 
lly, eliminating the need to reapply it. The co- 
lumn address buffer acts as a transparent or 
flow through latch while CAS is high. Access 
begins from the valid column address rather 


than from CAS, eliminating tasc and t; from the 


critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are pos- 
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is tcaa Or tcap dependent. If 
the column adderess is valid prior to or coinci- 
dent by t-,p as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
- column address specified by tca,. For both ca- 
ses, the falling edge of CAS latches the address 
and enable the output. 

Fast page mode provides a sustanined data 
rate over 22 MH; for applications that require 
high data rates, such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate the data 
rate - 

1024 


Data Rate" 771023Xtc 


‘| Cycle cycle’s state 
(high Impedance or low 
Impedance 
CAS-Only Cycle | High Impedance | 


DATA OUT OPERATION 


The HY51C1000 data output(Dour), which 
has tri-state capability, is controlled by CAS. 
During a CAS the high state (CAS at Vin), the | 
data output is in the high impedance state. The 
following table summarize the Dour state for 
various types of cycles. 








CYCLE Dour STATE _ 
Read Cycle Data from Addressed 
Memory Cell 





CAS Controlled Write Cycle] High Impedance 
(Early Write) 
WE Controlled Write Cycle | Active, Not Valid 
(Late Write) | 
Read-Modify-Write Cycle 








Data from Addressed 
Memory Cell 

Fast Page Mode Read Cycle] Data from Addressed 
Memory Cell 

Fast Page Mode Write Cycle High Impedance 
(Early Write) 

Fast Page Mode Read- 
Modify-Write Cycle 
RAS-Only Refresh Cycle 
CAS-Before-RAS Refresh 














Data from Addressed 
Memory Cell 

High Impedance 
Data remain the cero. -| 




















POWER ON 


An initial pause of 200 us is required after the 
application of the Vpp power supply, followed by a mi- 
nimum of eight initialization cycles(any com- 
bination of cycles containing a RAS clock such 


_as RAS-only refresh cycle). Eight initialization 


cycles are required after extended periods of 
bias without clocks(greater than the refresh in- 
terval). 

The Vpp current (Ipp ) requirement of the 
HYS51C1000 during power on is dependent upon — 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device will go into an ac- 
tive cycle and Ipp will exhibit large current tra- 
nsients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid Vin level 
during power on. 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 


Vin 
CAS Vir 
A Vin ; VALID VALID 
Ao-Ag Vit COLUMN ADDRESS COLUMN ADDRESS 


Vox 
Dour Vo. VALID DATA VALID DATA 
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HY51C1000 1,048,576 x 1-Bit CMOS DRAM 


PACKAGE INFORMATION | 


¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


INCH( ea 
UNIT : mm MIN 











































[| tL J L_] 
0.885(22.479) 
0.865(21.971) * Bans 
; «—__ 0300 . 
(7.620) 
0.295(7.493) _, 
0.275(6.985) 
EE 
3 & 
29 
oo 
t —>- 
a8 | im 
+t 
Oo ao ec) 
NR ot r10! 
¢ 3 SS ne ge 
o°0 8 BN. 
a ih le a8 
| 2&8 
0.050(1.270) 0.065( 1.650) 0.021 (0.533) = os 
0.030(0.762) 0.050( 1.270) 0.016(0.406) 4 499 BSC 


(2.540) 


20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 















4 





0.3400(8.6360) 
0.3320(8.4328) 


0.3050(7.7470) 


E 


— 0.2950(7.4930) —*| 








UNIT =, INCH(mm) wy 
: mm) ——— 
MIN 


0.0200(0.5080) 
*~ 0.0160(0.4064) 





0.0320(0.8128) 


(1.2700) | —+|| {l= 0.0260(0.6604) 
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= Q 
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MEMO 





DESCRIPTION 


The HY51C4256 is a high speed, low power 
262,144X4 CMOS dynamic random access 
memory. Fabricated with HYUNDAI CMOS 
technology, HY51C4256 offers a fast page 
mode for high data bandwidth, fast usable 
speed, CMOS standby current and extended 
RAS-only refresh for low standby power. 

All inputs and outputs are TTL compatible. 
Input and output capacitances are significantly 
lowered to allow increased system perform- 
ance. 

Fast page mode operation allows random or 
sequencial access of all 512(X4)bits within a 
row simply by changing the column address. 
Because the column address access time is as 
fast as 50ns, a continuous data rate exceeding 
20 MHz can be achieved. 

The HY51C4256 offers high performance 
while relaxing many critical system timing re- 
quirements. These features make HY51C4256 
ideally suited for graphics, digital signal process- 
ing, and high performance systems. 

When RAS is = Vpp—0.2V, CMOS standby 
operation mode is active, and power drops to 
1.5 mW (typically). 


BLOCK DIAGRAM 


i —i 










ADDRESS 
BUFFER 


ee ecane 


SENSE AMP & 
VO SELECTOR 






| Restore 


EQUALIZER 


MEMORY ARRAY 







ROW ADD 
OECODER 








& 
LATCH 


Vv. V6B GENERATOR 
SS 


1 





FEATURES 


* Low power dissipation 
- Operating current, 100ns : 75mA (max.) 
- TTL standby current  : 2.5mA (max.) 
- CMOS standby current : 1.5mA (max.) 

* Read-Modify-Write capability 

¢ RAS-only, Hidden, CAS-before-RAS 
refresh capability 

¢ Fast Page mode operation for a sustained data 
rate up to 20 MHz 

¢ 512 refresh cycles/8 ms 

* High reliability 20 pin 300 mil P-DIP and 
20/26 pin SOJ 

* Fast access time and cycle time (ns) 


Pee 
Max RAS Access ay 

Time, trac 

Max CAS Access 










4256-10 | HYS1C4256-12 






Min Fast Page Mode 
Cycle Time, tpc 


Min Cycle Time, trc 


PIN CONNECTIONS 


OE 


OUTPUT 





PIN NAMES 


RAS ROW ADDRESS STROBE 
fe irecwae 
OUTPUT ENABLE 
ADDRESS INPUT 
DATA INPUT/OUTPUT 


POWER (+5V) 
GROUND 




















Ao-As 
WOo-W/Os 
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HY51C4256 262,144 4-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 






















pte Ambient tomes |] 
[ma 


° 
° 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” might cause permanent damage to the device. 


Cc 

Cc 

Vv 

; 
A 

WwW 





DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 
























A 


Input Leakage Current (any input pin) | Vss<Vin<Vpp 


Output Leakage Current for Vss <Dout < Vpp 
High Impedance State RAS, CAS at Ving 


z 


wo 
Ley 


~ 
a 


Vpp Supply Current, Operating trc =trc (min.) 


: ; ; RAS, CAS at Vip, 
Vpp Supply Current, TTL Standby other inputs Vex 


> 
re 
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N 
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nN 
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Vpp Supply Current, 


RAS-only Refresh 





tro =trc (min.) 


Minimum Cycle 


Vpp Supply Current, RAS = Vpp — 0.2V, CAS = 
CMOS Standby Vin, other inputs = Vss 


Input Low Voltage (all inputs) 


[Vn Input High Voltage (all inputs) fe ee 
Vor | Output Low Voltage | Tor =4.2mA 


NOTES: 

1. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max.) is measured with output open. 

2. Ipp.is dependent upon the number of address transitions. Specified !pp (max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 


3. Specified Vi, (min.) is steady state operation. During transitions, Vj, may undershoot to —1.0V for a period not to exceed 20 ns. All AC parameters are 
measured with Vic (min.)= Vss and Vy (max.) S$ Vpp.- 
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Vpp Supply Current, 
CAS-Before-RAS Refresh 
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HY51C4256 262,144 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 
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HY51C4256 262,144 4-Bit CMOS DRAM 























& ae "PARAMETER a. ‘UNIT | NOT 
Se ewe RW Tw | Pe 
[39 | two RAS0WE Dey ——SSCSC*d Pps | - pw] fe 
[em [eatraewanany Pw Pe Pe 
Fat | two [Cohn adds oWEDay =| aaes 
eee 
fe [ce ems PesaeTing ee 
ra] paehes 
ce 


Salen nes ieee 

re =e [ I eae 

: Peas T= |_| 
45 i lee =| 
eae) = eerie ee ccna 

eee cio fells wedl ae Mens 

ecicaaea| re [I 

re P= | 

eo Pa |] 

rae ae [is] 














tom [Dan ld Tine Refesed oS cn 
ee ee eC 
oe a Oe De 
| tom [CRS Hols Tine CT DeoneRBGN | » | - | | -| | —| 
so [tr [TansionTine ieanara «3 | | as 
sar [een meson ere 


NOTES: 

1 Operation within the tyap (max.) limit insures that trac (max.) can be met. trav (max.) is specified as a reference point only. If tpap is greater than the 
specified trap (max.) limit, then the access time is controlled by tcaa and tcac. 

2. trcp'(max.) is specified for reference only. Operation within tgcy (max.) and trav (max.) limit insures that tpac (max.) and tcaa (max.) can be met. If trep is 
greater than the specified tracy (max.) then the access time is controlled by tcaa and tcac. 

. Assume trap Strap (max.). If trap is greater than trap (max.) then trac will increase by the amount that trap exceeds trap (max.). 

. Assume trcp Strep (max.). If trcp is greater than trcp (max.) then trac will increase by the amount that trcp exceeds tgcp (max.). 

. Measured with a load equivalent to two TTL loads and 100pF. 

. Assume trap 2 trap (max.). 

. Either tapy OF troy must be satisfied for a read cycle. 

. wes, trwos tawp» tcwo are not restrictive operating parameters. 

. twcs (Min.) must be satisfied in the early write cycle. 

. tps and tpy are referenced to‘the latter occurence of CAS or WE. 

. tyz-define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

. Access time is determined by the longer of tcaa, tcacs OF tcap- 

. ty is measured between Vj, (min.) and Vj, (max.) AC Measurements assume t; =5 ns. 

. Assume tri-state test load (5 pF and a 380 Ohm Thevenin equivalent) 

. At any given temperature and voltage combination, coincident deselection/selection is permissible for wired-OR devices. 

. An initial pause of 200ps is required after power-up and followed by a minimum of 8 initialization cycle (any combination of cycles containinys a RAS clock 
such as RAS-only Refresh). 8 initialization cycles are required after extended period of bias without clocks. 


25 3 


| tese__[CAS Set-up Time (CAS Before RAS Cycle) | 10 | 
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eee ee 
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CAPACITANCE 
(Ta=25°C, Yoo=e¥e + ike Vss=0V, unless otherwise noted.) 





NOTE: Capacitance is measured at the worst case of voltage levels with a programmable capacitance meter. 
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HY51C4256 262,144X4-Bit CMOS DRAM 


TIMING DIAGRAMS 


READ CYCLE 


tasrie) ae 
Vin ROW 
Ao-Ag yas IG Gp appress } 


al 





MIU LULU 


<+—— . tcaci18) ——_» — > | tHz(22) 
——— traci) ) © [+—— tz22) —_» 
Vv — 


— t12(21) 


EARLY WRITE CYCLE 


sae 


Bee eee 
OS TTT 


ome gi 
wn TTT ata) 
Yu TTA TDS ——— 


twor(30) ———_——e | 


al 
m 


ELLLLLLLLVLLLLLLLLLLLLLLLLLL- 





mA 


“ — TTT 


vO 








HY51C4256 262,144 4-Bit CMOS DRAM 


WRITE CYCLE (OE CONTROLLED) 
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HY51C4256 262,144<4-Bit CMOS DRAM 
NT I PED Fee eg ES 


FAST PAGE MODE READ CYCLE 
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HY51C4256 262,144 4-Bit CMOS DRAM 
er 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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CAS-BEFORE-RAS REFRESH CYCLE 
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FUNCTIONAL DESCRIPTION 


The HY51C4256 is a CMOS dynamic RAM 
optimized for high data bandwidth and low po- 
wer applications. The functionality is similar to 
a traditional dynamic RAM. The HY51C4256 
reads and writes 4 bits of data at a time by mul- 


tiplexing a 18 bit address into a 9 bit row and | 


a 9 bit column address. The row address is lat- 
ched by the Row Address Strobe(RAS). The 
column address, however, flows through the 
internal address buffer and is latched by the 
Column Address Strobe (CAS). Because ac- 


cess time is primarily dependent on a valid co- — 


lumn address, the delay time between RAS and 
CAS can be long without affecting the access 
time. 7 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tras timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle cannot be ini- 
tiated until the minimum precharge time, trp, 
and tcp has elapsed. 


READ CYCLE 


A read cycle is performed by maintaining the 


Write Enable (WE) signal high during the - 


RAS operation. The column address must be 
held for a minimum time specified by t,,. Data 
out is controlled by the Out Enable(OE) and 
CAS(See the write cycle description). | 

Data out becomes valid only when trac, tcaa, 
toac and tcac are all satisfied. Consequently, 
the access time is dependent upon the timing 
relationship among trac, toac and tcac are all 
satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE low 
during a RAS operation. 

The column address is latched by CAS, The 
input data must be valid at or before the falling 
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edge of WE or CAS, whichever occurs last. Co- 
nsequently, the write cycle can be WE control- 
led or CAS controlled depending upon the lat- 


_ ter of WE or CAS low transition. In a CAS con- 


trolled write cycle(the leading edge or WE oc- 
curs prior to or coincident with the CAS low 
transition) the input/output (I/O) pin will be 
in the high impedance state at the beginning 
of the write function. Terminating the write ac- 
tion with CAS going high will maintain the I/O 
in the high impedance state, terminating with 
WE going high allows the output to go active, 
and OE must be brought high to allow for in- 
puts on the I/O. 

The HY51C4256 incorporates a self-timed 
write feature which simplifies the system inter- 
face and optimizes data bandwidth. After the 
write function has been initiated, the HY51C4256 
internally completes the write action and unlat- 
ches the address and data latches. Thus, the lat- 
ches are ready for the next input/output cycle. 
This eliminates the need for long address and 
data hold times during the write operation and 
allows a subsequent column address to be app- 
lied earlier. This minimizes a write pulse width, 
write precharge time, and hold time which pro- 
vides maximum flexibility in system design. 


REFRESH CYCLE 
To retain data, 512 RAS refresh cycle are re- 


_ quired in an 8 ms period. The refresh operation - 


can be performed two ways : 

1. Clocking each of 512 row address(Apo th- 
rough A,) with RAS at least every 8 ms pe- 
riod. Any combination of RAS cycles such 
as read, write, read-modify-write, or RAS- 
Only refresh cycle will perform refresh. 

2. CAS-Before-RAS refresh cycle : If CAS go 
low prior to RAS. go low, the chip enters 
CAS-Before-RAS refresh cycle. The HY51C4256 
will use an internal nine bits counter output 
as the source of the row address and will ig- 
nore the external address inputs. 
This CAS-Before-RAS refresh mode is a ref- 

resh only mode and no data access is allowed. 

Also, the CAS-before-RAS refresh cycle does 
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not cause device selection and the state of the 
Data Output pin will remain in a high impede- 
nce state. 

In order to guarantee the reliable operation 
of CAS-before-RAS refresh mode, an internal 
counter test mode is provided. The user can use 
the counter test mode to write in a data pattern 
consecutively (512 write cycles) and, then ve- 
rify the data which have been written by 512 
consecutive read cycle. 


DATA RETENTION MODE 


The HY51C4256 offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V,, and an “extra 
high” V,, within 0.2V of Vop. While the RAS 
clock is at the “extra high” level, the HY51C4256 


power consumption is reduced to the low Ipp; 


level. Overall! [pp consumption when operating 
in this mode can be calculated as follows : 


I= (tue) X (I active) + (trx— tac) X Coss) 
trx 
Where tx =Refersh Cycle Time 
trx = Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 512 co- 
lumns within a selected row of the device to be 
randomly accessed at a high data rate. Maintai- 
ning RAS low while successive CAS cycles are 
performed retains the row address internally, 
eliminating the need to reapply it. The column 
address buffer acts as transparent or flow th- 
rough latch while CAS is high. Access begins 
from the valid column address rather than from 
CAS, eliminating t,sc and t; from the critical 
timing path. CAS latches the address into co- 
lumn address buffer and acts as an output ena- 
ble. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are pos- 
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode access time is tcaa Or tcap dependent. If 
the column adderess is valid prior to or coinci- 


dent with the rising edge of CAS, then the ac- 
cess time is determined by the rising edge of 
CAS specified by tcar as shown in figure 1. If 
the column address is valid after the rising edge 
of CAS, then the access time is determined by 
the valid column address specified by tas. For 
both cases, the falling edge of CAS latches the 
address and enable the output. 

Fast page mode provides a sustanined data 
rate over 20 MHz for applications that require 
high data rate such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate. the data 
rate : 

512 
Data Rate sliXte +511Xteo 


DATA OUT OPERATION 


The HY51C4256 input/output(I/O) is cont- 
rolled by OE, CAS, WE and RAS. A RAS low 
transition enables data to transfer into and from 
a selected row address. A RAS high transition 
disables data transfer and will latch the output 
data if the output is enabled. After a memory 
cycle is initiated by a RAS low transition, a 
CAS low transition or a CAS low level enables 
the internal I/O data path. A CAS high transi- 
tion or a CAS high level disables the I/O data 
path and disables the output driver if the driver 
was enabled. A CAS low transition while RAS 
is high has no effect on the I/O data path, nor 
on the output driver. 

An OE low transiton or an OE low level ena- 
bles the output driver when the I/O data path 
is enabled. An OE high transition or an OE 
high level disables the output driver, but does 
not disable the data latch when it has been ena- — 
bled. A WE low level disables the output driver 
when a CAS low level occurs. If the WE low 
transition occurs after the CAS low transition 
such that the output driver is enable prior to 
the WE low transition, it is necessary to use OE 
to disable the output driver prior to the WE low 
transition to allow data in set-up time(tps). A 
WE high transition passes control of the output 
drive to OE. ; 
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POWER ON 


An initial pause of 200 us is required after the 
application of the Vpp supply, followed by a mi- 
nimum of eight initialization cycles(any com- 
bination of cycles containing a RAS clock such 
as RAS-Only refresh). Eight initialization cyc- 
les are required after extended periods of bias 
without clocks(greater than the refresh inter- 
val). 


The Vpp current (Ipp) requirement of the HY 
51C4256 during power on is dependent upon 
the input levels of RAS and CAS. If RAS=V¢5 
during power on, the device would go into an 
active cycle and Ipp would exhibit large current 
transients. It is recommended that RAS and 
CAS track with Vpp or be held at a valid Vin 
during power on. 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 
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HY51C4256 262,144 4-Bit CMOS DRAM 





PACKAGE INFORMATION 


¢ 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


UNIT : INCH(mm) ~ 
: MIN 





0.977(24.816) 
0.957 (24,308) | ; 





0.300 BSC 
: (7.620) 


—-, 


0.295(7.493)_ 
0.275(7.239) 


0.035(0.889) 
0.020(0.508) 












| 









p> 
som 





0.145(3.683) - 


0.135(3.429) 





0.140(3.556) 
0.120(3.048) 


0.049( 1.245) 0.060(1.524) 0.021 (0.533) 0.100 BSC 
0.029(0.737) 0,050( 1.270) 0.016(0.406) (2.540) 


* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 















4 





0.2950(7.4930) > 
0.3400(8.6360) 


0.3320(8.4328) 


0.3050(7.7470) 


MAX 
UNIT : INCH(mm) ——— 
MIN 


0.0200(0.5080) 
~~ 0.0160(0.4064) 


4 


0.0320(0.8128) 
— 0.0260(0.6604) 




















AARZA f 7 ‘ 
23 Un y+ 










0.6790( 17.2466) 


0.2720(6.9088) 
—-, 
0.6710(17.0434) 


0.2600(6.6040) ™ 


0.0098(0.2489) 

0.0075(0.1905) 
0.0320(0.8128)_, 
0.0260(0.6604) 
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DESCRIPTION 


The HY531000 is a high speed, low power 
1,048,576 X1 bit CMOS dynamic random ac- 
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HY531000 offers a fast 
page mode for high bandwidth: operation, fast 
usable speed, CMOS standby current, and 
inherently high CMOS reliability. 

All inputs and output are TTL compatible. 
Fast page mode operation allows random or 
sequential access of up to 1,024 bits within a 
row with cycle times as fast as 40ns. 

The HY531000 design is optimized for cache 
based mainframe and minicomputers, graph- 
ics, digital signal processing, and high perform- — 
ance microprocessor systems. 


BLOCK DIAGRAM 
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2 
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BUFFER 






—- Voo 


ROW DECODER 
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FEATURES 
¢ Low power dissipation 
- Operating Current, 100ns : 55mA(max.) 


- TTL Standby Current  : 2mA(max.) 
- CMOS Standby Current : 1mA(max.) 


© Read-Modify-Write Capability 


* RAS-only, Hidden, CAS-before-RAS Refresh 
Capability 

* Common I/O capability 

* Fast Page mode operation for a sustained data rate 
up to 25 MHz 

¢ 512 refresh cycles/8 ms 

* High reliability 300 mil 18 pin P-DIP and 
20/26 pin SOJ 

* Fast access time and cycle time (ns) 





























2 HVSSi00n40 | HYS31000-70 | HY531000-80 | HY531000-10 

Max RAS Access 

. 60 70 80 100 
Time, trac | 
M 

ex CAS Access 20 20 20 25 
Time, tcac | 
Min Fast Mod 

hes hee Moe 40 40 45 55 
Cycle Time, tpc 
Min Cycle Time, a 120 130 150 180 | 














PIN CONNECTIONS 





PIN NAMES 


RAS ROW ADDRESS STROBE 








| 
CAS COLUMN ADDRESS STROBE 





WE WRITE ENABLE 





{| AgrAg | ADDRESS INPUT 





Din DATA INPUT 





| 
Dour | DATA OUTPUT 





Vpp _| POWER(+5V) 











Vsg GROUND 
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HY531000 1,048,576 x 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


Ta 


Pr 





NOTE : Stress above those listed under “Absolute Maximum Rating” might cause permanent damage to the device. 


SYMBOL 


Tstc 
VTERM 
Vpp 


lout 





DC CHARACTERISTICS 


(T,=0 C to 70 C, Vop=5V+t sty Vss=OV, unless otherwise noted.) 


Power Dissipation 


_.PARAMETER 
Ambient Toperetire 


Storage Temperature —55 to 150 


Voltage on Any Pin Relative to Vss 


Voltage on Vpp Relative to Vss 


Short Circuit Output Current 














ae 


—1.0 to 7.0 


—1.0 to 7.0 



























































































































































SYMBOL PARAMETER | _TeST CONDITIONS 
[ | Tuy | Input Leakage aT ea input oa VescVin <Vpp 
iI | Output Leakage Current for Vss< Dout <Vpp 
a High Impedance State RAS, CAS at Vin 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) 
RAS, CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby other inpuls S Ves 
; Vpp Supply Current, ; btn) 
a =trc(min. 
oe RAS-only Refresh pales 
Vpp Supply Curren 
Ipp4 mae Minimum Cycle 
Fast page mode 
I Vpp Supply Current, RAS >Vpp—0.2V, CAS= _ 1 “ak 
pps CMOS Standby Vin, other inputs>Vss | 
| =0_| 85 
Vpp Supply Current, —70 75 
I pana pea trc=trc(min.) mA 
sbi CAS-Before-RAS Refresh ee 
Vit Input Low Voltage(all inputs) 
Vin __| Input High Voltage(all inputs) Vv 
VoL Output Low Voltage Vv 
| Vor | Output High Voltage Vv 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 


2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in Fast page 


mode. 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ts=0C to 70°C, Vop=5V+t ve Vss=O0V, unless otherwise ee 








# | 


oe 


SYMBOL] = 2 


oie . o = 














1 RAS Pulse Width 
| tras 8 


Random Read or Write Cycle Time 





trp RAS Precharge Time 





2 
3 
ar 





Row Address Set-up Time 











tasR 
5 rat trAH Row Address Hold Time 


Column Address to RAS Lead Time 








ae traD 


RAS to Column Address Delay Tme 








Column Address Set-up Time 





tasc 
rai 


Column Address Hold Time 





9 tcaH 
10| treo 





RAS to CAS Delay 






















11 trac | Access Time From RAS 

12 taa Access Time From Column Address 

13 tcac Access Time From CAS 

14| tcas | CAS Pulse Width 

15 | tn [RAS Hold Time 
16 trcs Read Command Set-up Time 

17|  trcn | Read Command Hold Time Referenced to CAS 
18 


tRRH Read Command Hold Time Referenced to RAS 
tcrp CAS to RAS Precharge Time 






Output Buffer Turn Off Delay 
Output Data Hold Time From CAS 











twe Write Pulse Width 















































| 23 tcp CAS Precharge Time 

24 tar Column Address Hold Time From RAS 
1 25|  twer | Write Command Hold Time From RAS 

26 twes Write Command Set-up Time 
27 twcu | Write Command Hold Time 
28 tps Data-In Set-up Time 

(291 toy | Data-In Hold Time 

301 tour Data-In Hold Time Reference to RAS 














32 


[aif trwc aw Cycle Time 


trwpb 


RAS to WE Delay in RMW Cycle 



































33 tcwp | CAS to WE Delay ~ 
34 tawp Column Address to WE Delay 
35 tcpa Access Time From CAS precharge 
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HY531000 1,048,576 1-Bit CMOS DRAM 








36 40 4s | —_ — | ns 

37 Fast page mode Read-Modify-Write Cycle ota a 70 cant ns | 
58] tw. | Write Command © RAS Lend Time | 20" = [20 [= [0 Slee: 
=| sewn | Wite Command io CHS Lead Time [| — | | -[m)-]a || = 
10| woe [RAS w CAS Precharge Time 7 (Es 
41 CAS Set-up Time(CAS Before RAS Cycle) | 5 - 5 _ — | ns 

42 CAS Hold Time (CAS Before RAS Cycle) | 15 | — | 15 — es ns 
tcsy_ | CAS Hold Time 6 | — | 0] - — | ns 

44 | tr Transition Time(Rise and Fall) 3 50 3 50 ns | 13,14 
CAS to output in Low-Z 0 - 0 fom 0 - | o | - | ms | 5 | 


# | SYMBOL 


tcLz 
[46] trer | Refresh Interval(512 Cycle) 




















_ Pans Tac [vax [ns [Mac || 


Fast page mode Read or Write Cycle time 


PARAMETER 





























































s |-|s|-{s8s |- | 8 | ms {| 15 




















47 trasp | RAS Pulse Width Fast Page Mode 60 |100K! 70 {100K} 80 /[100K| 100 |100K | ns 
48 | tcpr | CAS Precharge Time (CBR Counter Test Cycle) | 40 | -— | 40 - | 4 | — | 50 - ns 
NOTES: 


1. 


nN 


_ 


i. 
12, 
13. 
14, 
. An initial pause of 200s is required after power-up and followed by a minimum of 8 initialization cycles(any combination of cycles containing a RAS clock such 


SOKMAAMN PW 


Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a referenced point only. If tpap is greater than the specified 
trpap(max.) limit, then the access time is controlled by taa. 


. Operation within the tpcp(max.) limit insures that tprac(max.) can be met. tacp(max.) is specified as a referenced point only. If trcp is greater than the specified 


trcp(max.) limit, then the access time is controlled by tcc. 


. Assume trap<trap(max.). If trap is greater than tpap(max.) then trac will increase by the amount that trap exceeds tpap(max.), 
. Assume trcp<trcp(max.). If tpcp is greater than tacp(max.) then trac will increase by the amount that trop exceeds trcp(max.). 


Measured with a load equivalent to two TTL loads and 100 pF. : 


. Assumes that trop 2trcp (max.), trap Strap (max.) 


Assumes that tpcp Stacp(max.) and trap 2trap(max.) 


. Either tray Or tacH must be satisfied for a read cycle. 


torr and toy define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 


. twcs trwD» tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs 2twcs 


(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ; if tpwp 2trwp(min), 
tcwp 2tcwp(min) and tawp 2tawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time)is indeterminate. 

tps and tpy are referenced to the latter occurence of CAS or WE 

Access time is determined by the longer of taa, tcac, Or tcpA- 

ty is measured between Vjyy(min.) and Vy_(max.). 

AC measurements assume tr=5ns. 


as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


CAPACITANCE a 
(T,=25 C, Von=5V+t 10%, Vss=OV, unless otherwise noted) 























“PARAMETER TYP MAX. | UNIT 
Address, Data In = pF 
RAS, CAS, WE = pF 
Data Out = pF 








NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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TIMING DIAGRAM 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 
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READ-MODIFY-WRITE CYCLE 
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We Viu— 
Vi —— 


LLL LLLLL LV LLL 











e——- to4(29)- > 


~  Y<TM TITIAN IDK ssc) 


a — | tcacis) 
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FAST PAGE MODE READ CYCLE 


taaspca7, ————_ {>| |+trariay > 
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+ trcn(10) +e «—— teasyi4)—> — teas(a) —> 
AKG Vin A 
CAS 
Vi —— 
traHys) + >| tcane) 
a all 
tasryay| |+- | tasciay-> 
Vin — {RO COL COL COL Yu iy VEE 
ne — C36 E54 /_|__Ab6 X/ bh; 585 WV, ne, 
trcsi16) —| | tacsi6) _ <@ taRH(3) 
tracn(17) > tacH(17) > |<— +*tacn(7) 
l 
WE Vi —— A/, +— teacii3) —> <— tcac3) > | ‘ a teaci3)—>| 
<+——_ taatt2)——» AA(12) 
+ trac11) —————_» 
levees 
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Vo. —— 
FAST PAGE MODE EARLY WRITE CYCLE 
tris) 
<« trasp (47) ———_> 
RAS Vin 
Vie 
tcrpiig) > 
+— teas(14) —> 
CAS =. 
Lc— fiestas 
: toania) >| tcania) 
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—+| |<+— tascie) j«— tascya) 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 





trp(3) 
trasP(47) 
R AS Vin 
Vu 
‘ ; tcr(23) 
CAP (19) teomia7, —_—> 
ball 10) tenes) aoe ‘i. — eo) 


Bo USACL/ 


RCS(16) 
ss Fre i 


+ tewoss)> 


= “ _ Looe Ltcanie) toanias She 

a EEK ale cs sai ihe 
=a Zoe H Fb of lane 

a t//, mai ne yoo AMMA UNA 


teaca «>| t 
> tepagas) C(13) CAC(13) 


taani2) torei20)-—| |< 1 ——_—+ —» [torr (20) 
+—— trac) —— 5 — >|} fetorri20) taaca) 
Vou —— VALID VALID 
Dour Wipe es wm HIGH-Z {/) ‘ DATA OUT ) {/) DATA OUT y UX DATA but 
— | I+ terzias) — >| | terzs) OT P= terzta5) 


- RAS-ONLY REFRESH CYCLE 


-—_ —— trp(3) —_—_—-» 





RAS 

Ashes 

CAS 

Dip: a HCH 
wa 
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HY531000 1,048,576 x 1-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 


Dour 






SS tcHR(423-———> 





Von —— 
Vo. —— 


Note: WE, Ao-Ag=Don't care 


HIDDEN REFRESH CYCLE (READ) 


RAS 


Ao-Ag 


Dour 


— tar(3)_——> t 
tras ———__—_— tras) ——_—__—___—_» 


Vin 
Vir 





SS tcoHR(423- 


<< 
= 


Von —— 
Vo. -—— 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 


_ HIDDEN REFRESH CYCLE (WRITE) 























_ 
CAS 

Ao-Ag 

oe 

Dy ye 

D a St HIGH-Z 
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HY531000 1,048,576 x 1-Bit CMOS DRAM 


CAS-BEFORE-RAS::REFRESH COUNTER TEST CYCLE 


tapi) 

tras + 
Vin —— 
RAS Vj. — 

tosreat) ——__| — trsu(1sy > 
; «+t —»| |<—_—_—__—_——- teas(14) —————_» 
TH Vi 

ve Vi — 


nem LLL LL LL LL LLY LLL 


READ CYCLE —e| torFi20) 
Vou —— 
Dout Vai ee H/GH-Z V/) ( VALID DATA OUT |S 
<+— tacs(16,—> <——>| trrHcie) 


me LLILTLLLLLLLLLLLL | LZ 


WRITE CYCLE 


Vox —— 


Dout Vv CA 
Oo — 





«  & TTT LLL. 





oe ee MIU 





HY531000 1,048,576 1-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY531000 is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar 
to a traditional dynamic RAM. The HY531000 
reads and writes data by multiplexing 20 bit add- 
ress into 10 bit row and 10 bit column address. 
The row address is latched by Row Address 
Strobe (RAS). The column address, however, 
flows through the internal address buffer and 
is latched by the Column Address Strobe 
(CAS). Because access time is primarily depen- 
dent on a valid column address, the delay time 
between RAS and CAS can be long without 
affecting the access time. 


MEMORY CYCLE 
The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 


must not be ended or aborted prior to fulfilling — 


the minimum tras timing specification. This 


ensures proper device operation and data inte- . 


grity. Additionally, a new cycle can not be ini- 
tiated until the minimum precharge time trp/tcp 
has elapsed. 


READ CYCLE 


A read cycle is performed by holding the 
Write Enable(WE) signal high during a RAS 
/CAS operation. The column address must be 
held for a minimum time specified by tar. Data 
output becomes valid only when trac, tcac, and 
taa are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among the trac, tcacand tas. For example, the 
access time is limited by ta, when trac and tcac 
are both satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
upon the latter of WE or CAS low transition. 
Consequently, the input data must be valid at 


or before the falling edge of WE or CAS, which- _ 


ever occurs last. In a CAS controlled write 
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cycle (the leading edge of WE occurs priors to 
or coincident with the CAS low transition)the 
output(Dour) pin will be in the high impedance 
state at the beginning of the write function. 
Terminating the write action with RAS or — 





~ CAS going high will maintain the data output 


(Dour) in the high impedance state. 


REFRESH CYCLE 


_ To retain data, 512 RAS refresh cycles are re- 
quired in an 8 ms period. The refresh operation 
can be performed two ways : 

. Clocking each of 512 row address(Ao 
through As) with RAS at least every 8 ms 
period. Any combination of RAS cycle such 
as read, write, read-modify-write, or RAS-only 
refresh cycle will perform a refresh on the 
selected row. 

2. CAS-before-RAS refresh cycle : If CAS go 
low prior to RAS go low, the chip enters a 
CAS-before-RAS refresh cycle. In CAS -be- 
fore-RAS refresh cycle the HY531000 will 

"use an internal nine-bit counter output as the 
source of the row address and will ignore the 
external address input. 

This CAS-before-RAS refresh mode is a re- 
fresh only mode and no data access is allowed. 
Also, The CAS-before-RAS refresh cycle does 
not cause device selection and the state of the 
data output pin will remain in a high imped- 
ance state. . . 

In order to guarantee the reliable operation 
of the CAS-before-RAS refresh mode, a inter- 
nal counter test mode is provided. The user can 
use the counter test mode to write in a data 
pattern consecutively(512 write cycles) and 
then verify the data which has been written by 
512 consecutive read cycles. 


— 


The HY531000 offers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid Vi. and an “extra high” 
Vin within 0.2V of Vpp. While the RAS clock 
is at the “extra high” level, the HY531000 
power consumption is reduced to the low Ipps 
level. Overall Inn consumption when operating 


HY531000 1,048,576 x 1-Bit CMOS DRAM 


in this mode can be calculated as follows : 


Bs (trc) X CI active) + (tax — tre) X (pps) 


trx 


Where trc= Refresh Cycle Time 
trx = Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 1024 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Main- 
taining RAS low while sucessive CAS cycles 
are performed retains the row address internal- 
ly, eliminating the need to reapply it. The 
column address buffer acts as a transparent 


or flow through latch while CAS is high. Access 


begins from the valid column address rather 
than from CAS, eliminating tasc and tr from the 
critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are pos- 
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is taa or tcap dependent. If 
the column address is valid prior to or coinci- 
dent by tcap as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tsa. For both 
cases, the falling edge of CAS latches the add- 
ress and enable the output. 

Fast page mode provides a sustained data 
rate over 25 MHz for applications that require 
high data rates, such as bit mapped graphics 
or high speed signal processing. The following 
equation can be used to calculate the data 
rate : 


1024 


Data Rate= ————-_—_ 
See a 1023 Xie 


DATA RETENTION MODE 

The HY531000 data output (Dour), which 
has tri-state capability, is controlled by CAS. 
During a CAS the high state (CAS at Vin), the 
data output is in the high impedance state. The 
following table summarize the Dour state for 
various types of cycles. 


~ Dour STATE 


Data from Addressed 
Memory Cell 


CAS Controlled Write Cycle] High Impedance 
(Early Write) 


WE Controlled Write Cycle | Active, Not Valid 
(Late Write) 


Read-Modify-Write Cycle 


[po @ CYCLE - 
Read Cycle 











Data from Addressed 
Memory Cell 


Fast Page Mode Read Cycle] Data from Addressed 
Memory Cell 


Fast Page Mode Write Cycle High Impedance 
(Early Write) 








Data from Addressed 
Memory Cell 


High Impedance 


Data remain the previous 


Fast Page Mode Read- 
Modify-Write Cycle 


RAS-Only Refresh Cycle 
Cos Belo RAS Refresh 








'ycle cycle’s state 
(high impedance or low 
impedance) 
CAS-Only Cycle High Impedance 





POWER ON 

An initial pause of 200 us is required after the 
application of Vpp power supply, followed by 
a minimum of eight initialization cycles(any 
combination of cycles containing a RAS clock 


such as RAS-only refresh cycle). Eight initiali- 
zation cycles are required after extended 


periods of bias without clocks(greater than the 
refresh interval). 

The Vpp current (Ipp ) requirement of the 
HY531000 during power on is dependent upon 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device will go into an 
active and Ipp will exhibit large current 
transients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid Vin level 
during power on. 
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HY531000 1,048,576 Xx 1-Bit CMOS DRAM 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 


VALID VALID 
Ao-Ag COLUMN ADDRESS COLUMN ADDRESS 
D VALID 
OUT DATA 
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HY531000 1,048,576 X 1-Bit CMOS DRAM 
gC I ae NL PR) 


PACKAGE INFORMATION 


¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


UNIT : INCH(mm) = 
‘ mm) — 
MIN 








0.885( 22.479) 
0.865(21.971) 










0.300 BSC 
(7.620) 


0.296(7.493) 
0.275(6.986) 






—pP| 




























Be 
he) 
no 
Se 
WT Oo IO ce i ‘7 
ae , 
as 1 I | oie? 
23 ae i 3 
So 
=a g 8 
0.050(1.270) 0.065( 1.650) 0.021(0.533) oo 
0.030(0.762) 0.050(1.270) 0.016(0.406) 9100 BSC 


(2.540) 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —330 MIL 













0.2950(7.4930) a 
0.3400(8.6360) 
0.3320(8.4328) : 


0.3050(7.7470) 


UNIT : INCH(mm) 
MIN 


0.0200(0.5080) 
*~ 0.0160(0.4064) 


0.0320(0.8128) 
— 0.0260(0.6604) 


mae. 


0.05008SC 
LL “— (1.2700) 


0.6780( 17.2466) 
0.6710( 17.0434) 






















! 


0.1440(3.6576) 
0.1340(3.4036) 





__0.2720(6.9088) 
~~ o.2600(6. 6040)” 





0.0008(0.2489) 
0.0075(0.1905) 


0.0320(0.8128) ered 


0.0260(0.6604) 
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MEMO 





DESCRIPTION 


The HY531000A is a high speed, low power 
1,048,576 X1 bit CMOS dynamic random ac- 
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HY531000A offers a fast 
page mode for high bandwidth fast usable 
speed, CMOS standby current and inherently 
high CMOS reliability. 

All inputs and outputs are TTL compatible. 
Fast page mode operation allows random or se- 
quential access of up to 1,024 bits within a row 
with cycle times as fast as 40ns. 

The HY531000A design is optimized for 
cache based mainframe, minicomputers, 
graphics, digital signal processing and high pe- 
rformance microprocessor systems. 


_ BLOCK DIAGRAM 














~ M1E1200A-JAN92 


FEATURES 


* Low power dissipation for The HY531000A 
- Operating Current, 60ns : 85mA(max.) 
- TTL Standby Current : 2mA(max.) 
- CMOS Standby Current : 1mA(max. ) 
Read-Modify-Write Capability 
: RAS-only, Hidden, CAS-Before-RAS 
Refresh Capability 
¢ Common I/O capability 
¢ Fast Page. mode operation for a sustained data 


rate up to 25 MHz 
¢ 512 refresh cycles/8ms 3 


_ © High reliability 300 mil P-DIP, 18 pin 20/26 pin 


SOJ and 400 mil ZIP 
¢ Fast access time and cycle time (ns) 








| | Hys310004-60 | HY5310004-70 | HY5310004-80 
Max RAS Access 






































Time, trac 2 + 
Max CAS Access _ 
Time, tcac 
Min Fast Page Mod da 

cle Time, tpc 
a 110 | 




















RAS O-—> 
CONTROL 
CAS O~* [a Clocks ACj6 
o Ao []7 
REFRESH CONTROL & DATA A 
ADDRESS COUNTER OUTPUT OO sLj8 
BUFFER Wes, 
COLUMN DECODER 
, Re Rea 5 Oath: _ 
SENSE AMPS & /O GATING BUFFER i: 
Nos PIN NAMES 
. RAS ROW ADDRESS STROBE 
. a 1 
: MEMORY ARRAY *—— Yoo | GaS__| COLUMN ADDRESS STROBE 
: : Vss WE WRITE ENABLE | 
Ago-* Ag:Ag ADDRESS INPUT 








Din DATA INPUT 





| 
Dout _| DATA OUTPUT 


Vp: POWER(+5V) 
Vs | GROUND | 




















| HY531000A 1,048,576 X 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


ie SYMBOL 


Taras 




















Ambient Temperature Under Bias 









ce 


Storage Fesiperature( Haste) | =5Sto +150 | =e 
Votage on Any Pin Except op Reatve w Vs | -Mw70 [vt 
[Voltage on Voo Relaivetw Visi 0 | 
ose a en 
eo ee ey a er 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 





< 





< 













< 





DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vopp=5V+ hi Vss=OV, unless otherwise aia 















































































































[ iF : ae ee 
SYMBOL PARAMETER | TEST CONDITIONS | SPEED IN 
a | 
L | Iyr.| | Input Leakage Creal any shiphit pin) | Vss<Vin<Vpp 
| Ino | Foutut Leakage Current for Vss<Dout<Vpp 
Ls _| High Impedance State RAS, CAS at Vin 
Ipp1 Vpp Supply Current, Operating trco=trc(min.) 1, 2 
| | 75 ’ 
r RAS, CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby , mA 
other inputs>Vss 
r I | — 
Vpp Supply Current, 
I poetics trc=trc(min.) mA 2 
eee RAS-only Refresh ay oe 
r T a3 4 
Vpp Supply Curren - 
inne: Pe i Minimum Cycle mA | 1,2 
Fast Page Mode 
| 2. 
Vpp Supply Current, RAS 2 Vpp—0.2V, 
Ipps CMOS Standby CAS=Vjp, other 1 mA 1, 2 
inputs2Vss 
r | 
Vpp Supply Current, 
Ippse ieciad PP aes mA 2 
CAS-Before-RAS Refresh 
L { 
Vin Input Low Voltage(all inputs) : Vv 
Vou | Out ir Vota io=4amA ee ace 


NOTES : 

1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 

2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of of two transitions per address cycle in Fast page 
mode. 
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HY531000A = 1,048,576 X 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) 
























#ISYMBOL, - PARAMETER Se : 


| tras | RAS Pulse Width 
tre Random Read or Write Cycle Time 
trp RAS Precharge Time 











7 











tase Row Address Set-up Time 

trRAH Row Address Hold Time 

Column Address to RAS Lead Time 
RAS to Column Address Delay Time 
Column Address Set-up Time 
Column Address Hold Time 

RAS to CAS Delay 


Access Time From RAS 


Access Time From Column Address | 40 | ns | 5, 6, 12 

Access Time From CAS 6, 12 
15| tasu | RAS Hold Time Pe ee ee 
tres Read Command Set-up Time Nor Se SO, Oe 
a a a a es 

















ava 
5 |e 





tasc 












Wa 
3 |= 








-3, 4, 5 











ae ey 

FER EE ee b[olula[e 
& - - 

dui 
fo) QO 











18 | trrH Read Command Hold Time Referenced to RA OF IY 5 =| 7 

19| tear CAS w RAS Precharge Tine ———s«|_s || s{_| s|_{m| 
20! torr Output Buffer Turn Off Delay | o | 2 | o | 20] 0 | 20] os~ 8 

21 | ton Output Data Hold Time From CAS 0 

22 Write Pulse Width 

23 | tcp CAS Precharge Time 

24;| tar Column Address Hold Time From RAS 
Write Command Hold Time From RAS 


26! twes Write Command Set-up Time 


twcu 
128 | tos | DAta-In Set-up Time 
129] ton | Data-In Hold Time 

130] ton _| Data-In Hold Time Reference to RAS 


trwc | RMW Cycle Time 
RAS to WE Delay in RMW Cycle 
CAS to WE Delay 

Column Address to WE Delay 


Access Time From CAS precharge 










































25 | twecr 
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HY531000A 1,048,576 1-Bit CMOS DRAM 









































a 










'40| ‘tse [RAS fo CAS Precharge Time | 
rat | tesn | CAS Setup Time(CAS Before RAS Gls) | 


[a4 [ty | Transion Time(Riss and Fat) = 
ras | tue 
"6 
ra 


— 
we 
— 
> 


? 


trEF Refresh Interval(512 Cycle) 


47| trasp | RAS Pulse width (Fast Page Mode) - | 


148] ter | CAS Precharge Time(CBR counter Test Cycle)| 40 | 


NOTES : 
1. Operation within the tpap(max.) limit insures that tp ac(max.) can be met. trap(max.) is specified as a referenced point only. If trap is greater than the specified 
trap(max,) limit, then the access time is controlled by taa and tcc. 
2. tacp(max.) is specified for reference only. Operation within tpcp(max.) and trap(max.) limit insure that tpac(max.) and ta,q (max.) can be met. If tpcp 
is greater than the specified tacp(max.) then the access time is controlled by taa and tcac. 
3. Assume tpan<trap(max.) If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds trap(max.) 
4. Assume tpcp<trcp(max.). If tacp is greater than tacp(max.) then trac will increase by the amount that tpcp exceeds tpop(max.) 
5. Measured with a load equivalent to two TTL loads and 100pF. 
6. Assume trap>trap(max.) 
7. Either trRH or trCH must be satisfied for a read cycle. 
8. torr and toy define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
9. twos) WHC: tWHR> tRwD, tAWD» tcwp are not restrictive operating parameters. 
10. twcs(min.) must be satisfied in the early write cycle. 
11, tpg and tp}y are referenced to the latter occurenced of CAS or WE. 
12. Access time is determined by the longer of taa, tcAc or tcap. 
13. ty is measured between Vjyy(min.) and Vy_(max.). 
14, AC measurements assume ty=5ns 
15, An initial pause of 200us is required after power-up and followed by a minimum of 8 initialization cycle(any combination of cycles containing a RAS clock such 
as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


BESSCBRSS000 

z | 

APU 
tal [olealelolelaelelal 

2 ag 
Tale et LAT UT Aes 
ete] lols lelel=le ele 

i : 
Hated let | EULA | 


CAPACITANCE 
(Ta= 25°C, Vov=5V+ 10%, Vss=OV, unless otherwise noted) 


To. 
ae 2 





ae a 


: oe PARAMETER 0s ee i Se 


Cin2 RAS, CAS, WE 








NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 


HY531000A 1,048,576 1-Bit CMOS DRAM 


TIMING DIAGRAM 


READ CYCLE 
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HY531000A = 1,048,576 X 1-Bit CMOS DRAM ; 
SASS DR PT TS MIE 


READ-MODIFY-WRITE CYCLE 
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+———— trr(3) —__> 
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Vir _— 
torP(i9) torPq7) 
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HY531000A = 1,048,576 X 1-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 


_—___—_ trasp (47) $+ |_ |< tres) 





+— trae) 


RAS Vin 
Vi -—— 
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FAST PAGE MODE EARLY WRITE CYCLE 
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HY531000A : 1,048,576 < 1-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 





trP(3) 
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RAS-ONLY REFRESH CYCLE 
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HY531000A 1,048,576 X 1-Bit CMOS DRAM 
i SER EE I TT TT 


CAS-BEFORE-RAS REFRESH CYCLE 
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<—-__—\_ tap(3)_—____-» 
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HIDDEN REFRESH CYCLE (READ) 
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HYS531000A 1,048,576 1-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (WRITE) 
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HY531000A - 1,048,576 < 1-Bit CMOS DRAM 





CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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HY531000A 1,048,576 1-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY531000A is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar to 
a traditional dynamic RAM. The HY531000A 
reads and writes data by multiplexing 20 bit add- 
ress into 10 bit row and 10 bit column address. 
The row address is latched by Row Address St- 
robe (RAS). The column address, however, 
flows through the internal address buffer and 
is latched by the Column Address Strobe 
(CAS). Because access time is primarily depen- 
dent on a valid column address, the delay time 
between RAS and CAS can be long without 
affecting the access time.. 


MEMORY CYCLE 

The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tras timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle can not be ini- 
tiated until the minimum precharge time trp/tcp 
has elapsed. 


READ CYCLE 


A read cycle is performed by holding the 
Write Enable(WE) signal high during a RAS 
/CAS operation. The column address must be 
held for a minimum time specified by tar. Data 
output becomes valid only when trac, tcac, and 
taa are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among the trac, tcac and tas. For example, the 
access time is limited by ta, when trac and tcac 
are both satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE and 


CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
upon the latter of WE or CAS low transition. 
Consequently, the input data must be valid at 
or before the falling edge of WE or CAS, which- 


ever occurs last. In a CAS controlled write 
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cycle (the leading edge of WE occurs priors to 
or coincident with the CAS low transition)the 
output(Dour) pin will be in the high impedance 
state at the beginning of the write function. Ter- 
minating the write action with RAS or CAS > 


' going high will maintain the data output (Dour) 


in the high impedance state. 


REFRESH CYCLE 


To retain data, 512 RAS refresh cycles are re- 
quired in an 8 ms period. The refresh operation 
can be performed two ways : 

. Clocking each of 512 row address(Ao th- 
rough As) with RAS at least every 8 ms 
period. Any combination of RAS cycle such as 
read, write, read-modify-write, or RAS-only 
refresh cycle will perform a refresh on the 
selected row. . 

2. CAS-before-RAS refresh cycle : If CAS go 

low prior to RAS go low, the chip enters a 

CAS-before-RAS refresh cycle. In CAS- 

before-RAS refiesh cycle the HY531000A will 

use an internal nine-bit counter cutput as the - 
source of the row address and will ignore the 

external address input. 

This CAS-before-RAS refresh mode is a 
refresh only mode and no data access is 
allowed. Also, The CAS-before-RAS refresh 
cycle does not cause device selection and 
the state of the data output pin will remain 
in a high impedance state. 

In order to guarantee the reliable operation 
of the CAS-before-RAS refresh mode, a 
internal counter test mode is provided. The 
user can use the counter test mode to write 
in a data pattern consecutively(512 write 
ycles)and then verify the data which has 
been written by 512 consecutive read cycles. 


pt 


DATA RETENTION MODE 


The HY531000A offers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid Vi. and an “extra high” 
Vin within 0.2V of Vov. While the RAS clock 
is at the “extra high” level, the HY531000A 
power consumption is reduced to the low Inns 
level. Overall Inn consumption when operating 


HY531000A = 1,048,576 < 1-Bit CMOS DRAM 


in this mode can be calculated as follows : 


on (tre) Xx I active) + (trax—trc) x CIpps) 


tex 


Where tx: =Refresh Cycle Time 
trex =Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 1024 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Main- 
taining RAS low while sucessive CAS cycles 
are performed retains the row address internal- 
ly, eliminating the need to reapply it. The co- 
lumn address buffer acts as a transparent or 
flow through latch while CAS is high. Access 
begins from the valid column address rather 
than from CAS, eliminating tsc and t; from the 
critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are pos- 
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is tas Or tcap dependent. If 
the column address is valid prior to or coinci- 
dent by tap as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tas, For both ca- 
ses, the falling edge of CAS latches the address 
and enable the output. 

Fast page mode provides a sustained data 
rate over 25 MHz for applications that require 
high data rates, such as bit mapped graphics 
or high speed signal processing. The following 
equation can be used to calculate the data 
rate - 


1024 


Data Rate= = ————-_—_ 
ae Ra Tc £1023 tne 


DATA OUTPUT OPERATION 

The HY531000A data output (Dour), which © 
has tri-state capability, is controlled by CAS. 
During a CAS the high state (CAS at Vi), the 
data output is in the high impedance state. The 
following table summarize the Dour state for 
various types of cycles. 
















CYCLE Dour STATE. 
i ea 
Read Cycle Data from Addressed 
Memory Cell 





CAS Controlled Write Cycle| High Impedance 
(Early Write) 


WE Controlled Write Cycle | Active, Not Valid 
(Late Write) 


+ 
Read-Modify-Write Cycle Data from Addressed 











Memory Cell 
Teo oe 1 
Fast Page Mode Read Cycle} Data from Addressed 
| Memory Cell _| 





Fast ie Mode Write Cycle High Impedance 
(Early Write) 


Fast Page Mode Read- 
Modify-Write Cycle 
RAS-Only Refresh Cycle 
CAS-Before-RAS Refresh Data remain the previous 


Cycle cycle’s state 
(High impedance or low 


impedance) 
“| ish Impedance 





Data from Addressed 
_| Memory Cell 





High Impedance 














CAS-Only Cycle 





POWER ON 

An initial pause of 200 us is required after the 
application of Von power supply, followed by 
a minimum of eight initialization cycles(any 
combination of cycles containing a RAS clock 


such as RAS-only refresh cycle). Eight initiali- 
zation cycles are required after extended pe- 


riods of bias without clocks(greater than the re- 
fresh interval). 

The Vpp current (Ipp.) requirement of the 
HY531000A during power on is dependent upon 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device will go into an ac- 
tive cycle and Ipp will exhibit large current tra- 
nsients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid Vin level 
during power on. 
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HY531000A = 1,048,576 1-Bit CMOS DRAM 
SE ST ES ENED UENO PI SPS SE TST EO NCO ETSI 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 


VALID VALID 
Ao—As COLUMNADDRESS COLUMN ADDRESS 
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HY531000A 1,048,576 X 1-Bit CMOS DRAM 
SR Rs SSP GA A a a a rT SSS 


¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


UNIT : INCH(mm) 2% 
5 mi Te 
MIN 














0.885(22.479) 
0.865(21.971) 


0.300 BSC ___» 
(7.620) 


0.205(7.493) 
0.275(6.985) 























“@—— MIN 0.025(0.635) 











+ 


0.060( 1.270) 0.065( 1.650) 0.021(0.533) "| 


0.030(0.762) 0.050(1.270) 0.016(0.406) 4 199 BSC 
(2.540) 


an 


— 


0.145(3.683) 
0.135(3.429) "| 
















0.140(3.556) 
0.120(3.048) 
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HY531000A = 1,048,576 X1-Bit CMOS DRAM 


° 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 





Z 


03400(8.636) 
0.3320(8.433) 







0.2950(7.493) 


0.3050(7.747) 


UNIT : INCH( you 
: mm MIN 


0.0200(0.5080) 
*~ 0.0160(0.4064) 


0.0320(0.8128) 















0.1440(3.658) 
0.1340(3.404) 






f ‘ 
25 j 
0.6790(17.247) | Ve 0.2720(6.909) 

0.6710(17.043) Bw *  0.2600(6.604) - ae 
$8 Sg. 
5 8 
N 
° 
oo 


3-96 


HY531000A 1,048,576 X 4-Bit CMOS DRAM 





¢ 20 PIN ZIGZAG-IN-LINE PACKAGE — 400MIL 





_ 0.120(3.0480) 
0.112(2.8448) 













aE | 
CUUEe 





t 








88 
a5 ——e 
0.050(1 has as [~~ By sella Geis isies 
0.016(0.4064) a4 0.009( 0.2286) 
_ + 0.100(2.5400) BSC 








1.036(26.3144) > 
1.024( 26.0096) 


z CHSC \. 
1 J 

imal Soe aan en ie 

2 
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MEMO 







DESCRIPTION 


The HY531000AL is.a high speed, low power 
1,048,576 X 1 bit CMOS dynamic random ac- 
cess memory. Fabricated with the HYUNDAI 
CMOS process, the HY531000 offers a fast 
page mode for high bandwidth fast usable 
speed, CMOS standby current and inherently 
high CMOS reliability. | 

All inputs and outputs are TTL compatible. 
Fast page mode operation allows random or se- 
quential access of up to 1,024 bits within a row 
with cycle times as fast as 40ns. 

The HY531000AL design is optimized for 
cache based mainframe and minicomputers, 
graphics, digital signal processing, high perfor- 
mance microprocessor systems and note book 
pe. 


BLOCK DIAGRAM 





CONTROL 
& CLOCKS 


COLUMN DECODER 
ts SEEEESREEENT* 
aa ry 
SENSE AMPS & 1/O GATING 









oo] rol ow 
° iP 4 
a PLS 
a 8 4 MEMORY ARRAY 
° WwW 
> [5] [8 
° 9 cre 
Ago 15 













DATA 
INPUT 
BUFFER 


PRELIMINARY 
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FEATURES 


¢ Low power dissipation for The HY531000 AL 
- Operating Current, 60ns : 85mA (max.) 
_ = TTL Standby Current : 2mA(max.) 
-CMOS Standby Current : 200uA(max.) 
- Battery Back Up Current : 300uA(max.) 
¢ Read-Modify-Write Capability 
¢ RAS-only, Hidden, CAS-Before-RAS 
Refresh Capability 
¢ Common I/O capability 
* Fast Page mode operation for a sustained data 
rate up to 25 MHz 
512 refresh cycles/64ms 
High reliability 300 mil P-DIP, 18 pin 20/26 pin 
SOJ and 400 mil ZIP. 
Fast access time and cycle time (ns) 











Max RAS Access 





—— trac 
Max CAS Access 


Time, tcac 








Cycle Time, tpc 
Min Cycle Time, trc 











+—© Diy 


+—— Yop 


(P-DIP) 
PIN NAMES 


RAS 


+—~ Vss 





| ROW ADDRESS STROBE 





r —— 
CAS COLUMN ADDRESS STROBE 





WE WRITE ENABLE 














AorAg ADDRESS INPUT 
Din DATA INPUT 

] Dour ] DATA OUTPUT 
Vpp POWER( +5V) 











Vsg GROUND 








HY531000AL 1,048,576 X 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 





‘Ambient Tenipenitute Under Bias 
Voltage on Any Pin Except Vpp Relative to Vss 


Voltage on Vpp Relative to Vss 
Data Out Current 































Power Dissipation 





NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


DC CHARACTERISTICS 
(Ta=0°C t to 70°C, Noo Ye 10%, Vss=0V, unless otherwise E noted) 













TEST CONDITIONS 


turd | Input fens Gataae input a Vss<Vin<Vpp 


| Ino | | Output Leakage Current for Vss<Dout<Vpp 


High Impedance State RAS, CAS at Vin 


Ipp1 Vpp Supply Current, Operating trc=trc(min.) 











RAS, CAS at Vin 
other inputs>Vss — 





Ipp2__| Vpp Supply Current, TTL Standby 







Vpp Supply Current, 
RAS-only Refresh 








trc=trc(min.) 





Vpp Supply Current, 
Ippa DBs ates Minimum Cycle 






































Fast page mode 
Vpp Supply Current, , 
Ipp RAS=CAS= Vcc—0. 200 
: | CMOS Standby cone ~ 
, —60 85 
Vpp Supply Current 
I eas ees trc=trc(min.) —70 75 mA 2 
on CAS-Before-RAS Refresh peas 
| —80 : 65 
Battery Back Up | 
Current 


CAS=CBR cycling or 0.2V, 
WE=Vpp—0.2V, 
Add=Vpp—90.2V or 0.2V 








Vpp Supply Current, VO=Vpp—02V or 0.2V or 300 pA 1 
Ipp7 Battery Back Up trc=125us, tras=tras(min.) 
~300ns 








Same as above 


except tras=300ns~ Lys 





Input Low Voltage(all inputs) 
Input High Voltage(all inputs) 
Output Low Voltage IoL=4.2mA 
Output High Voltage lon=—S5mA 











































NOTES : 


1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 


2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of of two transitions per address cycle in Fast page 
mode. 
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HY531000AL 1,048,576 < 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
eee to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 

























































































































































































# |SYMBOL PARAMETER 
ras _ | RAS Pulse Width | 10K | 80 | 
bike: “4 Random Read or Write Cycle Time 110 | | 0 | | so | tls | 
tor | EAS Precharge Time 7 
Uasr Row Address Set-up Time 0 0 ns 
tan | Row Address Hold Time 10 10 10 ns 
(RAL Column Address to RAS Lead Time = 30 35 40 ns 
21 tan | RAS to Column Address Delay Time | 15 1 30 [ 1s [ 3s | as | 407 1 
8) tase Column Address Set-up Time cil 0 0 0 ns al 
ne “AN Column Address Hold Time 15 = ar 15 ah 15 ns 
10| trey | RAS to CAS Delay 20 | 4 | 20 | so | 20 | © | ns a 2 a 
trac Access Time From RAS + | 60 | | ae 80 ns 3, 4, 5 
12} tra Access Time From Column Address 30 35 40 ns 5, 6, 12 
toac | Access Time From CAS | | 20 [20 | | 20 | ns | 6,12 
| 14) & “AS CAS Pulse Width 20 | 10K 20 | al 20 10K ns ‘l=. zz 
15] tas | RAS Hold Time | 20 20 0 ns 
sf Read Command Set-up Time aie 0 i 0 | (es 0 ns 
17 teen Read Command Hold Time Referenced to CA: 0 o | Laie ns 7 
18] tran Read Command Hold Time Referenced to RA 0 0 ie 7 0 ns 7 = 
19! tony CAS to RAS Precharge Time 5 5 5 1 a ns 
| lone Output Buffer Turn Off Delay | 0 | 20 Ix all 20 0 ae 20 ns on 8 7 
ton | Output Data Hold Time From CAS th 0] [0 ae ns 8 
twp Write Pulse Width |} 15 [ | 15 15 ns 
kop CAS Precharge Time “alt 10 . 10 alee 7 10 ns | | 
tan Column ‘Address Hold Time From RAS a 50 . 55 | iz ns Lz i 
(Wer Write Command Hold Time From RAS 50 fl | 55 60 ns 
twee Write Command Set-up Time l 0 0 fe ml 0 ai 9, 10 | 
twou Write Goinmand Hold Time =f ak 15 15 ns 
ae Data-In Setup Time = 0 le al 0 0 ns ig 11 
ton — | Datu-In Hold Time = 5 | is | | 15 ns | 
(pit Data-In Hold Time Reference to RAS ii 50 [55 ale = 60 ns 
txwe | RMW Cycle Time al 135 | | 15 175 ns || 
tkwn | RAS to WE Delay in RMW Cycle 60 70 | | os | 9 | 
town | CAS w WE Delay 20 2 | | 20{| 1x| mw} 9 | 
tawny | Column Address to WE Delay 30 35 | 4 | [ns | 9 | 
tcap Access Time From CAS precharge 35 35 40 ns 12 
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HY531000AL 1,048,576 X1-Bit CMOS DRAM 





Write Command to CAS Lead Time 


|40| trpc | RAS to CAS Precharge Time 
41 


tcsr CAS Set-up as Before RA RAS Cycle) 





CAS Hold Time 
Transition Time(Rise and Fall) 


























NOTES : 
1. Operation within the tpap(max.) limit insures that tprac(max.) can be met. trap(max.) is specified as a referenced point only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by taa and tcac. 
2. trcp(max.) is specified for reference only. Operation within tpcp(max.) and tpap(max.) limit insure that tpac(max.) and taa (max.) can be met. If trop 
is greater than the specified tacp(max.) then the access time is controlled by taq and tcac. 
3. Assume tpan<trap(max.) If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds trap(max.) 
4, Assume trcpD<trcp(max.). If tacp is greater than tacp(max.) then trac will increase by the amount that tpcp exceeds tpcp(max.) 
5. Measured with a load equivalent to two TTL loads and 100pF. 
6. Assume trap>tRap(max.) 
7. Either tray or tpcy must be satisfied for a read cycle. 
8. tofF and toy define the time at which the data output achieves the open circuit condition and is not referenced to the Guiput voltage levels. 
9. twcs, twHc: twHR; tRwD> tawpb» tcwp are not restrictive operating parameters. 
10. twos(min.) must be satisfied in the early write cycle. 
11. tpg and tpy are referenced to the latter occurenced of CAS or WE. 
12. Access time is determined by the longer of ta, tcac or tcap. 
13. ty is measured between Vypy(min.) and Vy, (max.). 
14. AC measurements assume ty=5ns 
15. An initial pause of 200us is required after power-up and followed by a minimum of 8 initialization cycle(any combination of cycles containing a RAS clock such 
as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


CAPACITANCE 
(T,=25°C, Von=5V+ mae Vss=0V, unless otherwise noted) 








_ PARAMETER 





Address, Data In 





RAS, CAS, WE 
Data Out 
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HY531000AL 1,048,576 <.1-Bit CMOS DRAM 
SS SA SS FS SSR EE ST 


TIMING DIAGRAM 





READ CYCLE 
+— tacie) 
tar2s 
ee —_— AR (24) ——_—_——_——_——_—_—————— 
RAS i + tras(1) oO 





Vii —— <-_—— trpis)——__—_—__»> 


tasAca) | <> 


we TD ties NZD eee 
- ser en masa 
os Ye = ee ee 


tcrP(r9) 
—_— ————- tracoio) sprite 
a toasir 14} > 
OF 


WLL/LLLLLL/ 


— teac(i3)—> <— trcn(17) —> 





we LLL LLLLLLLLLL 7. 


<< t aaa)» 


terzias) | —e +— >| torri20) 
<« trac) 


Vox ——— i 
Dai ne HIGH-Z j V/) f VALID DATA | 
$$$ —_§_—_— tesnia3-—- > —— ton21) 


EARLY WRITE CYCLE 
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taR(24) 


Aw =I K/L/R 


tascia) |<—»] |< tcaH()—> 
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tcrp(ig) 
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+ trs1s)- ———__> 
Viq —— 
vs ee ee 
A Vi —— ) — 


trcoi10) 








tesH(43) 


We = TATE =k “TTT 
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tosiea) |] | *— toni29) > 


Om SLIT, Ges LLL LLL LL LLL. 
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Vou —— : 
Dour v2 HIGH-Z 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 
Ra Sl Sc EE SE SS NS TOTES, 


READ-MODIFY-WRITE CYCLE 


RAS 


Ao—Ag 


Din 


Dout 


3-104 




















—_ I a | 
nw ae K/ KLLLLLLLLLLLLLLL LLL LL. 
i LIT LLLLLNVLLLL. 








~~, 


ge MTT ALT TTT 


+> | tcacas) 







+m —— taaira) 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 


Ao-Ag 


Dout 


trasp(47) ————_$________» tars) > 


View + trate) ——> 
Vi — 
terp(a) | |}<———— tesyvaa) 
— tecise) 
tcp(23) 
+ tRCD(10)¢~e| «—§ teasii4y—e] ° + teas(i4) —> 
Viq —— . 
Vu 
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trans) Toane) >| tcaniay 
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We IMT \oeteseacty INA. (he MLLLLLLL, 












FAST PAGE MODE EARLY WRITE CYCLE 


Ao-As 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 





FAST PAGE MODE READ-MODIFY-WRITE CYCLE 





trPra) 
1RASP(47) 
RAS a 
Vi — 
~ tcrpc9 | t toes 
(19) — 
treo POM tcp es) |< ‘. -_—-> pias 


OS yy 
TASR(4) > — igen oie neue) * tomeee | 
ponte XB Somme LIVLLLL a iia: 


tacsi16) > ra rsa 
We = spalia alah Cae 
a mai pias Lo RY L/. 


-_e, teaci3) 


teaci13) | teaciia) 
as eee 2) ~~ tcaprasy— 


torF(20)- 1 |<—_ ; — —»> |< torFi20) 
P <— tracy —> : 1 fe torr (20) tori) 


Vox —— 
a O OX ier} 


—e! i — ferzys) —e| I*— terzys) — | 1 terzyasy, 
RAS-ONLY REFRESH CYCLE 


tac(2) 


<-——____———_ trp(3) —______» 





RAS 

Ao-Ag 

CAS 

Dout 1 a ee ee S11 
Vo. -— 
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see HY531000AL 1,048,576 1-Bit CMOS DRAM 





taci2) 
<< taP(3) —____» 


RAS nas 


Vi —— 


—__—___ tonne 42) 








CAS Vin —— 
Vi —~ 
+ | torr(20) 
Von —— 
Dour Vo. ——- HIGH-Z 


Note: WE, Ao-Ag=Don't care 


HIDDEN REFRESH CYCLE (READ) 


RAS er, 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (WRITE) 
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HY531000AL 1,048,576 X 1-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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HYS31000AL 1,048,576X1-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY531000AL is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar to 
a traditional dynamic RAM. The HY531000AL 
reads and writes data by multiplexing 20 bit add- 
ress into 10 bit row and 10 bit column address. 
The row address is latched by Row Address St- 
robe (RAS). The column address, however, 
flows through the internal address buffer and 
is latched by the Column Address Strobe 
(CAS). Because access time is primarily depen- 
dent on a valid column address, the delay time 


between RAS and CAS can be long without — | 


affecting the access time. 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tras timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle can not be ini- 
tiated until the minimum precharge time tre/tcp 
has elapsed. 


READ CYCLE 


A read cycle is performed by holding the. 


Write Enable(WE) signal high during a RAS 
/CAS operation. The column address must be 
held for a minimum time specified by tar. Data 
output becomes valid only when trac, tcac, and 
tcaa are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among the trac, tcac and tas. For example, the 
access time is limited by ta, when trac and tcac 
are both satisfied. 


WRITE CYCLE 

A write cycle is performed by taking WE and 
CAS low during a RAS operation. The column 
address is latched by CAS. The write can be 
WE controlled or CAS controlled depending 
upon the latter of WE or CAS low transition. 
Consequently, the input data must be valid at 
or before the falling edge of WE or CAS, which- 
ever occurs last. In a CAS controlled write 
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cycle (the leading edge of WE occurs priors to 
or coincident with the CAS low transition)the 
output(Dour) pin will be in the high impedance 
state at the beginning of the write function. Ter- 


‘minating the write action with RAS or CAS 


going high will maintain the data output (Dour) 
in the high impedance state. 


REFRESH CYCLE 

To retain data, 512 RAS refresh cycles are re- 
quired in an 64 ms period. The refresh operation 
can be performed two ways : 


1. Clocking each of 512 row address(Ao th- 


rough As) with RAS at least every 64 ms 

period. Any combination of RAS cycle such as 

read, write, read-modify-write, or RAS-only 
refresh cycle will perform a refresh on the 

selected row. . 

. CAS-before-RAS refresh cycle : If CAS go 
low prior to RAS go low, the chip enters a 
CAS-before-RAS refresh cycle. In CAS- 
before-RAS refresh cycle the HY531000AL will 
use an internal nine-bit counter output as the 
source of the row address and will ignore the 
external address input. 

This CAS-before-RAS refresh mode is a 
refresh only mode and no data access is — 
allowed. Also, The CAS-before-RAS refresh 
cycle does not cause device selection and 
the state of the data output pin will remain 
in a high impedance state. 

In order to guarantee the reliable operation 
of the CAS-before-RAS refresh mode, a 
internal counter test mode is provided. The 
user can use the counter test mode to write 
in a data pattern consecutively(512 write 
ycles)and then verify the data which has 
been written by 512 consecutive read cycles. 


N 


DATA RETENTION MODE 


The HY531000AL offers a CMOS standby mode 
that is entered by causing the RAS clock to 
swing between a valid Vn and an “extra high” 


Vin within 0.2V of Vpv. While the RAS clock 


is at the “extra high” level, the HY531000AL 
power consumption is reduced to the low Ipps 
level. Overall Ibn consumption when operating 


HY531000AL = 1,048,576 X1-Bit CMOS DRAM 


in this mode can be calculated as follows : 


(tac) X CI active) + (trx—trc) X (pps) 


trx 


[= 


Where trc=Refresh Cycle Time 
trx= Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 1024 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Main- 
taining RAS low while sucessive CAS cycles 
are performed retains the row address internal- 
ly, eliminating the need to reapply it. The co- 
lumn address buffer acts as a transparent or 
flow through latch while CAS is high. Access 
begins from the valid column address rather 
than from CAS, eliminating tasc and t; from the 
critical timing path. CAS latch the address into 
column address buffer and acts as an output 
enable. 

During this operation, read, write and read- 
modify-write, or read-write-read cycles are pos- 
sible at random or sequential address within a 
row. Following the entry cycle into fast page 
mode, access time is ta, Or tcap dependent. If 
the column address is valid prior to or coinci- 
dent by tcap as shown in figure 1. If the column 
address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address specified by tas, For both ca- 
ses, the falling edge of CAS latches the address 
and enable the output. 

Fast page mode provides a sustained data 
rate over 25 MHz for applications that require 
high data rates, such as bit mapped graphics 
or high speed signal processing. The following 
equation can be used to calculate the data 
rate - 


1024 


Data Rate 7. + 1023™ tes 


GF CLE | Dour STATE ] 
* | Read Cycle Data from Addressed 


DATA OUTPUT OPERATION 

The HY531000AL data output (Dour), which 
has tri-state capability, is controlled by CAS. 
During a CAS the high state (CAS at Vin), the 
data output is in the high impedance state. The 
following table summarize the Dour state for 
various types of cycles. 



































Memory Cell | 
CAS Controlled Write Cycle| High Impedance 
| (Early Write) | 
WE Controlled Write Cycle | Active, Not Valid | 
(Late Write) 
| Read-Modify-Write Cycle | Data from Addressed _| 
am Memory Cell 
Fast Page Mode Read Cycle; Data from Addressed | 
Memory Cell | 
Fast Page Mode Write Cycle High Impedance 
(Early Write) 
Fast Page Mode Read- Data from Addressed 
Modify-Write Cycle Memory Cell 
| RAS-Only Refresh Cycle _| High Impedance | 
CAS-Before-RAS Refresh Data remain the previous 
Cycle tae state 
(High impedance or low 
impedance) 











| CAS-Only Cycle High Impedance 





POWER ON 

An initial pause of 200 us is required after the 
application of Vop power supply, followed by 
a minimum of eight initialization cycles(any 
combination of cycles containing a RAS clock 


such as RAS-only refresh cycle). Eight initiali- 
zation cycles are required after extended pe- 


riods of bias without clocks(greater than the re- 
fresh interval). 

The Vpp current (Ipp ) requirement of the 
HY531000AL during power on is dependent upon 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device will go into an ac- 
tive cycle and Ipp will exhibit large current tra- 
nsients. It is recommended that RAS and CAS 
track with Vpp or be held at a valid Vin level 
during power on. 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 
EE ee ae] 


a 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION . 


VALID VALID 
Ao—Ag COLUMN ADDRESS COLUMN ADDRESS 


Dour 
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: HYS531000AL 1,048,576 X< 1-Bit CMOS DRAM 
$A OR SSS a SRN A TN FR TTT CATED 


¢ 18 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


MAX 
MIN 





UNIT : INCH(mm) 









































ie 0.885(22.479) 
0.865(21.971) 
0.300 BSC __, 
(7.620) 
a ¢__0.205(7.493) _, | 
3 0.275(6.985) 
S 
if. % 
ts] 
Oo 
z 
s 
82 
28 re 
ao 
i 
0.0% 1270) 0.065( 1.650) 0.021(0.533) "| ee: 
00300 782) 0.050( 1.270) 0.016(0.406) 0.100 BSC 





(2.540) 


3-113 


HY531000AL 1,048,576 1-Bit CMOS DRAM 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 





— >| 





0.2950(7.493) a 
0.3400(8.636) 
0.3320(8.433) 


| 0.3050(7.747) 


MAX 
UNIT : INCH(mm) ——— 
MIN 


0.0200(0.5080) 
“— 0.0160(0.4064) 





0.0320(0.8128) 
— 0.0260(0.6604) 











as 4 

5 t i 

Ss 
SZ |__ 0.2720(6900) 4 
ow 0.2600(6.604) ™ 3S 
a5 8 
os Noo) 
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HY531000AL 1,048,576 1-Bit CMOS DRAM 
SV ae PO ET EEE) 


¢ 20 PIN ZIGZAG-IN-LINE PACKAGE— 400MIL 


J «- 0.120(3.0480) 
0.112(2,8448) 













«<—— 0.356(9.0424) __» 
0.344(8.7376) 
0.120(3.0480) 


<#— 0.400(10.1600) MAX —» 


*— 0.140(3.5560) 
0.520( 13.2080) 





~ 


+ —— 0.540( 13.7160) ———__» 





0.050( 1.2700) 
0.040( 1.0160) 


0.009(0.2286) 


| 4 
lll — oo12:0.3048) 
~— 0.100(2.5400) BSC 


! 


1.036(26.3144) 
1.024(26.0096) 
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MEMO 





DESCRIPTION 


The HY534256 is a high speed, low power 
262,144 4 bit CMOS dynamic random access 
memory. Fabricated with the HYUNDAI 
CMOS process, the HY534256 offers a fast 
page mode for high bandwidth operation, fast 
usable speed, CMOS standby current, and 
inherently high CMOS reliability. 

All inputs and outputs are TTL compatible. 
Fast page mode operation allows random or 
sequential access of up to 512(X4)bits within 
a row with cycle times as fast as 40ns. 

The HY534256 design is optimized for cache 
based mainframe and minicomputers, graph- 
ics, digital signal processing, and high ta 


ance microprocessor systems. 


BLOCK DIAGRAM 






FAS o—* 
CAS O—* 






CONTROL 
& CLOCKS 


SENSE AMPS & I/O GATING 


MEMORY ARRAY 


Aooe 


. 
ABoe 
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FEATURES 

* Low power dissipation 
- Operating current, 100ns : 60mA(max.) 
- TTL standby current —: 2mA(max.) 
-CMOS standby current : ImA(max.) 


* Read-Modify-Write capability 

* RAS-only, Hidden, CAS-before-RAS refresh 
capability 

* Fast Page mode operation for a sustained data rate 
up to 25 MHz 

¢ 512 refresh cycles/8 ms 

* High reliability 300 mil 20 pin P-DIP and 
20/26 pin SOJ 

* Fast access time and cycle time (ns) 


Tyssanscco | nvsaase: ase HYS34256-10 


Max RAS Access 60 
Time, trac a 2 
Max CAS Access 
Time, tcac 

Min Fast Page Modd 
Cycle Time, tpc 
Min Cycle Time, tpc 120 














20 





40 55 














180 








PIN NAMES 


RAS ROW ADDRESS STROBE 








CAS | COLUMN ADDRESS STROBE 





























WE WRITE ENABLE 

OE OUTPUT ENABLE 
AorAg ADDRESS INPUT 
VOo-1/03 | DATA INPUT/OUTPUT 
Vop POWER(+5V) 

Vss GROUND 
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HY534256 262,144 4-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 









































"HMBOL PARAMETER a 
= Ta Ambient. Temperature 0 to 70 °C _| 
Tstc Storage Temperature —55 to 150 of Ca 
VTERM Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 
Tour mA 
Pr W 


NOTE : Stress above those listed under “Absolute Maximum Ratings” might cause permanent damage to the device. 


DC CHARACTERISTICS 


(T,=0 C to 70 C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 





































































































‘SYMBOL | ——SPARAMETER | TEST CONDITIONS. | SPEED |— 
5 ee Oe ei & { es : - & - ee oo a eo a ee 
L | Tu | Input Leakage Current(any input pin)| Vss<Vin <Vpp 
hee Output Leakage Current for Vss< Dout <Vpp 
L LO" | High Impedance State RAS, CAS at Vin 
r - 
: —70 | 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) - 1,2 
_ =10 | 
RAS, CAS at Vin, 
Vv 
Ipp2 pp Supply Current, TTL Standby ethic inpulss Vee 
—60 
Vpp Supply Current, —70 
I pees trc=trcCmin,) 2 
PPS | RAS-only Refresh oes —80 
A —10 
ie —60 
Vpp Supply Current, —70 _ 60 
Ipp4 ROBE Minimum Cycle mA 1,2 
Fast Page Mode | —80 i 50 
; —10 = 40 
a = = | 
, Vpp Supply Current, RAS>Vpp—0.2V, CAS= - 1 ai 
BE _| CMOS Standby Vin, other inputs>Vsg | 
-0 | - 90 | | 
; Vpp Supply Current, : etait’ —70 = 80 ri 3) 
res poe =trc(min. m 
PP | CAS-Before-RAS Refresh re -30 | - 
Vit Input Low Voltage(all inputs) —1 Vv 
Vin Input High Voltage(all inputs) 4 2.4 Vppt1 Vv 
VoL Pasa: cw Low Voltage lop =4.2mA a 0.4 Vv 
Vou | Output High Voltage | lon= —5mA 2.4 _ Vv 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 
2. Ipp is dependent upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in fast page mode. 
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HY534256 262,144 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ts=0 C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 
























































































































































































































































































# — “> PARAMETER 2m 2 | ees NOTE 
1 tras |-RAS Pulse Width 
20 | — [aso | — [aso] = [a0 | — 
3 trp RAS Precharge Time 
4 | tcsy | CAS Hold Time 60 | — ns 
5} tcas | CAS Pulse Width 20 | 10K ns 
6 | trcp | RAS to CAS Delay 20 | 40 ns_| 2 
7 tres Read Command Set-up Time 0 - 0 - 0 = - ns ‘ 
. Row Address Set-up Time 0 - me 0 = 0 a - ns | 
Row Address Hold Time 10 = 10 = 1 10. = = ns | 
Column Address Set-up Time 0 = 0 = ie = | ns 
Column Address Hold Time 15 _ 15 a 15 es a ns 
12| trsy |RAS Hold Time 2 | - | 20 iss 20 [=| — | ns 
13] tcrp | CAS to RAS Precharge Time 5 7 5 = |_5 = — | ns 
14 tRcH Read Command Hold Time Referenced to CAS| 0 = 0 = 0 a _ ns 8 
15|  trru | Read Command Hold Time Referenced to RAS} 0 | — | 0 | — | 0 | — | O | — | os i | 
16 | tron | RAS Hold Time Referenced to OE i | = | 10 + = | a5: | = [207 | = Ts 
17 toac Access Time from OE = 20 - 20 = 20 - 25 ns 
18| tcac | Access Time from CAS — | 20 —- | 20 |; — | 20} - | 25 | ns | 5,6 
19 trac Access Time from RAS. — 60 _ 70 - 80 - 100 ns | 3,4,5 7 
20 taa Access Time from Column Address = 30 — 35 | 40 - 50 a ns 5,7 
21 tiz OE or CAS to Output Low Impedance 0 = 0 b= 0 = _ ns 3 
22! tuz OE or CAS to Output High Impedance 0 | 20 0 | 20 0 | 20| 0 | 20 | ns 11 
| 23 | taR Column Address Hold Time from RAS 50 — 55 - 60 = | 75 = ns 
24 tRAD RAS to Column Address Delay Time 15 30 15 35 | 15 40 20 | ns 1 
25 teow. Write Command to CAS Lead Time 20 ea 20 _ 20 = _ ns 
26, twcs Write Command Set-up Time 0 - 0 _ 0 - 0 = ns 9 
27 twcH Write Command Hold Time 15 = 15 = 15 - 20 _ ns 
28 twp Write Command Pulse Width 15 > 15 _ 15 - 20 _ ns 11 
Write Command Hold Time from RAS" 50 - ns | 
—— a + 
tRw Write Command to RAS Lead Time | 20 _ _|_ns 
Data-In Set-up Time 
32 Data-In Hold Time 15 ~ 10 
Write to OE Hold Time 
OE to Data Delay 2 | — | 20 }| -— | 20a; - 
35 trwc | Read-Modify-WriteCRMW) Cycle Time 175 | 185 - 
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HY534256 262,144 x 4-Bit: CMOS DRAM 












RAS to WE Delay 
38 Column Address to WE Delay 


10 | tow [Fast Page Move Read Mod: Wits Cyl Tine 
43) tery [Acces Tie fom Column Prechangt 


? 
nr 
| 
~ 
8 


—_ 
Oo 
= 
a 


\o 
mn 


454 
Nm 





BOCOSEE 


| 


| 50 | 
- | 40 | = 50 ns 12 



















































44 tpHR Data-In Hold Time Referenced to RAS 50 75 _ ns 

45 CAS Set-up Time(CAS Before RAS Cycle) 5 5 ns | | 
46| trpc | RAS to CAS Precharge Time 0 pe at ns nen 
47|  tcur | CAS Hold Time(CAS Before RAS Cycle) | 15 | - | 1s | - [20 | - | os 

48 Transition Time(Rise and Fall) 3 13 











Refresh Interval(512 Cycle) - 8 Re 


— 8 —_ 
50| trasp | RAS Pulse Width(Fast Page Mode) 60 | 100K 100K| 80 |100K| 100 |100K| ns | | 
CAS Precharge Time (CBR Counter Test Cycle)} 40 40 | - | 50 | — | as 


NOTES : 

1. Operation within the tp ap(max.) limit insures that trac(max.) can be met. tpap(max.) is specified as a referenced point only. If tRAp is greater than the specified 
trap(max.) limit, then the access time is controlled by tcac. 

2. Operation with in the tacp(max.) limit insures that taac(max.) can be met. tpcp(max.) is specified as a referenced point only. If tacp is greater than the specified 

trcp(max.) limit, then the access lime is controlled by tcac. ‘ 

. Assume trap<trap(max.). If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds trap(max.). 

. Assume tpcp<trcp(max.). If tpep is greater than tacp(max.) then trac will increase by the amount that tpcp exceeds tp¢p(max.). 

. Measured with a load equivalent to two TTL loads and 100 pF. 

. Assumes that trpcp 2tRcp (max.), trap Strap (max.) 

. Assumes that tpcp Stpcp(max.) and trap 2trap(max.) 

. Either tarry or tpcH must be satisfied for a read cycle. 

. twos, twp; tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs 2twcs 
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle ; if tpwp 2tRrwp(min), 
tcwo 2tcwp(min) and tawp 2tawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time)is indeterminate. 

10. tpg and tpy are referenced to the latter occurence of CAS or WE ; 

11. tz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

12. Access time is determined by the longer of tag, tcac, OF tcpa- 

13. Vyy (max.) and AC measurements assumen ty=Sns 

14, An initial pause of 200ys is required after power-up and followed by a minimum of 8 initialization cycles(any combination of cycles containing a RAS clock such 

as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 








3 50 3 50 3 50 
1 




















OWA ARM Sw 


CAPACITANCE . 
(T,=25 °C, Vop=5V+ 10%, Vss=0V, unless otherwise noted) 










SYMBOL... |. PARAMETER 


RAS, CAR WEOF | 


Data Out 








NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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HY534256 262,144 4-Bit CMOS DRAM 


TIMING DIAGRAMS 


READ CYCLE 
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HY534256 262,144 4-Bit CMOS DRAM 


WRITE CYCLE (OE CONTROLLED) 


Ao-As 
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READ-MODIFY-WRITE CYCLE 
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HY534256 262,144 4-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 


Ao-As 


vO 


_thPo 
trasp(s0) -—______________.-- —_____—» 


Vin 
<——_____. tan(23) ——___» 


terra) teg39)- > +— trsH(12)——> 
_— >| |+— taco) | toP(43) —tcP(43)—> +—] torp(i3) 


Vin ——— 


\\ —145(5;—> +—— tcas(s—> 
_= la i 
traua2) —— 
‘ASR(8) tan Bemale 
tasc(10) |<—> | | —— | toa 
Vin 


vi — LR 588 KUM sooness KK scones KCL/Y/X KIA LD) 
ve — LLLLLEL// 
ve — LLL LLLLLL LN 


—tecasis—e Ny, 


““fae—tacn(14) 
7 ZZ 


- i 


= MDT UN 


— 
> 
a} 






WALLS 


trz(22 tyzi22 tcaciey | 
we teaciay> pean +t re ~ = ia ies 
CAC(18) 
Sees -_ ~ 
taacns) ia tyz(22) tizen tyz22) tizen tH2(22) 
pte 
—. —> 


Vou —— (/ VALID j VALID /} VALID 
a VM ox our)——4M oma our -A--WA_ontacour_} 


FAST PAGE MODE EARLY WRITE CYCLE 


Ao-Aa 


A 


trp(3) 
Ah 


trasp(so) —_- 2 







Vin — 
Vio 
— tasH(12),——> 
+—§_\_— > | tera) : | tcoreii3) 
Vin y 
Vv es Ss 
wo 


trac(42) 
tascio | tear 


TM _xoness KUNAL) 
I tow. (2s) } 


i] tawii3ty 


*tweonia7y> 


<< 


; 
S 
[ 
S 
SY 
S 
S 


WLINILLLLLLLLLLLL LLL. 


tosan! | tonsa 


VALID ‘fh 
N.DATAIN 
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HY534256 262,144 4-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


TR ASP 1) 













—_ Vin —— 
RAS 
Vi—— 
+ trsni123 ——— 
= Vi —— 
CAS Vine —— trapi2a) 





me eS DSO ES Ys VDI LLLLMLLLLLLLLL, 


trwe(so) 
CWO{36-—-F J a towl (25) 









WE Vin —— 
Vi —— 
= Vin —— 
OE Vi — 
tcacns; fj 
——— tcaci18) | <—» 
<— tracii9—_————> 
ere) A toni32) 
tosyay] 
Vivo —— f , , 
"You — PRK Pe Xo) 
+! 
>. pe tezien SS] teen —} f= tezay 


RAS 
torP(13) 
757 
CAS 
Ao-As )D. ROW ADDRESS 
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HY534256 262,144X4-Bit CMOS DRAM | 


a 
> 


S-BEFORE-RAS REFRESH CYCLE 














RAS 





CAS 


VO 





Note: WE, OE, Ao-As =Don't care 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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HY534256 262,144 4-Bit CMOS DRAM 
aA a a a a a a IE EE EI EET 


HIDDEN REFRESH CYCLE (READ) 


-____. tacia) ———» | <—_______________ trrcya) 








<«__ tras(1) —>| | <—tRP(3)—w| | <——_______ tras(1) —————___ | | «— tap(a)—» 


Vin —— 


+ tar(23) —____» 














Vi —— 
toners) | | +@_— tcxri47) ——e | | «———— tcrP(13) ———> 
Vin —— 
CAS Vii — trao(eay 
+ 
tasre) 





wm TN REVONIERE NTT TTT 


tacs) fall 


me wT || LLL LTR LLL LLL LLL 











me IVTLLLL LD WLMLLLELL LLL 


+ teoac(ia) > <—e| tHz(22) 


a | te z21)] 
+ traci) 


Vow ——~ : 
. Wo Vo. —- HIGH-Z Wy VALID DATA OUT y HIGH-Z 


— tuz22)—> 
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HY534256 262,144 x 4-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (WRITE) 
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HY534256 262,144 4-Bit CMOS DRAM 


FUNCTIONAL DESCRIPTION 


The HY534256 is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar 
to a traditional dynamic RAM. The HY534256 
reads and writes 4 bits of data at a time by 
multiplexing a 18 bit address into a 9 bit row 
and a 9 bit column address. The row address 
is latched by the Row Address Strobe(RAS). 
The column address, however, flows through 
the internal address buffer and is latched by the 
Column Address Strobe (CAS). Because 
access time is primarily dependent on a valid 
column address, the delay time between RAS. 
and CAS can be long without affecting the 
access time. 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tras timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle cannot be initi- 
tiated until the minimum precharge time, trp, 
and tcp has elapsed. 


READ CYCLE 


A read cycle is performed by maintaining the 
Write Enable (WE) signal high during the 
RAS operation. The column address must be 
held for a minimum time specified by t,,. Data 
out is controlled by the Out Enable(OE) and 
CAS(See the write cycle description). 

Data out becomes valid only when trac, tas, 
toac and tcac are all satisfied. Consequently, 
the access time is dependent upon the timing 
relationship among trac, toac and tcac are all 
satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE low 
during a RAS operation. 

The column address is latched by CAS, The 
input data must be valid at or before the falling 
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edge of WE or CAS, whichever occurs last. 
Consequently, the write cycle can be WE 
controlled or CAS controlled depending upon 
the latter of WE or CAS low transition. In a 
CAS controlled write cycle(the leading edge or 
WE occurs prior to or coincident with the CAS 
low transition )the input/output (I/O) pin will 
be in the high impedance state at the beginning 
of the write function. Terminating the write 
action with CAS going high will maintain the 
I/O in the high impedance state, terminating 
with WE going high allows the output to go 
active, and OE must be brought high to allow 
for inputs on the I/O. 

‘The HY534256 incorporates a_ self-timed 
write feature which simplifies the system 
interface and optimizes data bandwidth. After 
the write funcition has been initiated, the 
HY534256 internally completes the write 
action and unlatches the address and data 
latches. Thus, the latches are ready for the next 
input/output cycle. This eliminates the need for 
long address and data hold times during the 
write operation and allows a_ subsequent 
column address to be applied earlier. This 
minimizes a write pulse width, write precharge’ 
time, and hold time which provides maximum 
flexibility in system design. 











REFRESH CYCLE 
To retain data, 512 RAS refresh cycle are 

required in an 8 ms period. The refresh 

operation can be performed two ways : 

. Clocking each of 512 row address(Ao 
through As) with RAS at least every 8 ms 
period. Any combination of RAS cycle such 
as read, write, read-modify-write, or RAS- 
only refresh cycle will perform a refresh. 

2. CAS-before-RAS refresh cycle : If CAS go 

low prior to RAS go low, the chip enters 
CAS-before-RAS refresh cycle. The 
HY534256 will use an internal nine bits 
counter output as the source of the row 
address and will ignore the external address 
inputs. 
This CAS-before-RAS refresh mode is a 
refresh only mode and no data access is 
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allowed. Also, the CAS-before-RAS refresh 
cycle does not cause device selection and the 
state of the data output pin will remain in a 
high impedance state. 

In order to guarantee the reliable operation 
of CAS-before-RAS refresh mode, an internal 
counter test mode is provided. The user can use 
the counter test mode to write in a data pattern 
consecutively (512 write cycles) and, then 
verify the data which has been written by 
512 consecutive read cycles. 


DATA RETENTION MODE 


The HY534256 offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V,, and an “extra 
high” V,, within 0.2V of Vpp. While the RAS 
clock is at the “extra high” level, the HY534256 
power consumption is reduced to the low Ipps 
level. Overall Ipp consumption when operating 
in this mode can be calculated as follows : 


i= (tre) X (I active) + (trx—tre) X (pps) 
trx 
Where ta: =Refersh Cycle Time 
tex =Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 512 
columns within a selected row of the device to 
be randomly accessed at a high data rate. 
Maintaining RAS low while sucessive CAS 
cycles are performed retains the row address 
internally, eliminating the need to reapply it. 
The column address buffer acts as transparent 
or flow through latch while CAS is high. Access 
begins from the valid column address rather 
than from CAS, eliminating tasc and t; from the 
critical timing path. CAS latches the address 
into column address buffer and acts as an 
output enable. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are 
possible at random or sequential address within 
a low. Following the entry cycle into fast page 
mode, access time is taa or tcap dependent. It 


the column address is valid prior to or 
coincident by tcap as shown in figure 1. If the 
column address is valid after the rising edge of 
CAS, then the access time is determined by the 
valid column address specified by tas, For both 
cases, the falling edge of CAS latches the 
address and enable the output. 

Fast page mode provides a sustanined data 
rate over 25 MHz for applications that require 
high data rate such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate the data 
rate - 


512 


Data Rate= “tee 511Xtoc +511X tro 


DATA OUTPUT OPERATION 


The HY534256  input/output(I/O) is. 


‘controlled by OE, CAS, WE and RAS. A RAS 


low transition enables data to transfer into and 
from a selected row address. A RAS high 
transition disables data transfer and will latch 
the output data if the output is enabled. After 
a memory cycle is initiated by a RAS low 
transition, a CAS low transition or a CAS low 
level enables the internal I/O data. A CAS high 
transition or a CAS high level disables the I/O 
data path and disables the output driver if the 





driver was enabled. A CAS low transition while 


RAS is high has no effect on the I/O data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the I/O data 
path is enabled. An OE high transition or an 
OE high level disables the output driver, but 
does not disable the data when it has been 
enabled. A WE low level disables the output 
driver when a CAS low level occurs. If the WE 
low transition occurs after the CAS low 
transition such that the output driver is enable 
prior to the WE low transition, it is neccessary 
to use OE to disable the output driver prior to 
the WE low transition to allow data in set-up 
time(tps). A WE high transition passes control 
of the output drive to OE. 
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POWER ON 

An initial pause of 200 us is required after the 
application of Vpp power supply, followed by 
a minimum of eight initialization cycles(any 


combination of cycles containing a RAS clock | 


such as RAS-only refresh cycle). Eight 
initialization cycles are required after extended 
periods of bias without clocks(greater than the 
refresh interval). | 


The Vpp current (Ipp) requirement of the 
HY534256 during power onis dependent upon 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device would go into an 
active cycle and Ipp would exhibit large current 
transients. It is recommended that RAS and 
CAS track with Vpp or be held at a valid Vin 
during power on. 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 


Vu 
CAS yee 
Ao-As Vim —— 


VALID 
Ve. COLUMN ADDRESS 


Voxr— 
Dour 
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acne VALID DATA 


VALID 
COLUMN ADDRESS 


VALID DATA 
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PACKAGE INFORMATION 
e 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


UNIT : INCH(mm) ie 
mm) ~—— 
MIN 





0.977(24.816) 
0.957(24.308) 
0.300 BSC 
: (7.620) 
0.295(7.493) 


0275(7.239) 





| <¢—__ 
0.035(0,0889) 


0.020(0,508) 












oe 


oe 


0.145(3.683) 
0.135(3.429) 





0.140(3.556) 
0.120(3.048) 


0.049( 1.245) 0.060( 1.524) 0.021(0.533) 0.100 BSC 
0.029(0.737) 0.050(1.270) 0.016(0.406) (2.540) 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE 










—__—+| 





0.2950(7.4930) 


0.3400(8.6360) 
0.3320(8.4328) 


0.3050(7.7470) 


|b 


UNIT : INCH(mm) pas 
Pan pedat 
rm MIN 






















0.0200(0.5080) 
“— 0.0160(0.4064) 
<— 0.0320(0.8128) 
Eee “C270 4 +— 0.0260(0.6604) 
ee LT 4 
33 Tar i ah AYA) if A 
oOo- E 3 
f oe700(17.2468) 5 |. 02720069068) a 
9 6710(17.0434) OO ae *~ o.2600(6.6040) “! 8 
3 
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DESCRIPTION 


The HY534256A_ is a high speed, low power 
262,144 4 bit CMOS dynamic random access 
memory. Fabricated with the HYUNDAI 
CMOS process, the HY534256A offers a fast 
page mode for high bandwide operation, fast 
usable speed, CMOS standby current, and 
inherently high CMOS reliability. 

All inputs and outputs are TTL compatible. 
Fast page mode operation allows random or se- 
quential access of up to 512 X 4 bits within a row 
with cycle times as fast as 40ns. 

The HY534256A_ design is optimized for ca- 
che based mainframe, minicomputers, gra- 
phics, digital signal processing and high perfor- 
mance microprocessor systems. 


BLOCK DIAGRAM 


nas ae 2 OUTPUT 5 BE 
Che CLOCK 

— 1 0/00 

vO a 6 VOh 

SENSE AMPS &/O GATING }*——*} gurrer | —° 1/05 


e 

Ww ; MEMORY ARRAY 
° 
° 







~ PIN NAMES 
| RAS ROW ADDRESS STROBE 
CAS ia COLUMN ADDRESS STROBE | 
‘WE WRITE ENABLE 
OE | OUTPUT ENABLE 
AgrAg | ADDRESS INPUT 
VOgVO3 | DATA INPUT/OUTPUT 

Vpp POWER(+5V) 
Vsg GROUND 


PRELIMINARY 


M1C1200A-JAN92 





FEATURES 


¢ Low power dissipation 
- Operating current, 60ns : 90mA(max.) 
- TTL Standby current : 2mA(max.) 
- CMOS Standby Current : 1mA (max.) 

* Read-Modify-Write capability 

¢ RAS-only, Hidden, CAS-Before-RAS refresh 
capability 

¢ Fast Page mode operation for a sustained data 
rate up to 25 MHz 

¢ 512 refresh cycles/8ms 

* High reliability 300 mil 20 pin P-DIP, 
20/26 pin SOJ and 400 mil ZIP. 

¢ Fast access time and cycle time (ns) 


"HYS342564-60 | HY534256A-70 nies 


60 70 80 


et 


20 20 20 


cee 
40 40 45 
150 | 














Max RAS Access 
Time, trac 
Max CAS Access 
Time, tcac 
Min Fast Page Mod 
Cycle Time, tpc 
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ABSOLUTE MAXIMUM RATINGS 





TstcG 


~ PARAMETER | 


Ambient Temperate 


Storage Temperature 


Voltage on Any Pin Relative to Vss —1.0 to 7.0 


Voltage on Vpp Relative to Vss 


Short Circuit Output Current ; | SO 


Power Dissipation 











NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


DC CHARACTERISTICS 


(T,=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 


SYMBOL: 


\ Tu | 


Input Leakage Current(any input pin) | Vss<Vin<Vpp 





| Ixo | 


Ippi 


Output Leakage Current for 
High Impedance State 





Vpp Supply Current, Operating 





Ipp2 


Vpp Supply Current, TTL Standby 





Sas « 


Ipp3 


4 


Vpp Supply Current, 
RAS-only Refresh 


Vss<Dout<Vpp 
RAS, CAS at Vin 








—55 to +150 


O79 | ov | 





















trc=trc(min.) 


RAS, CAS at Vin 
other inputs>Vss 















trc=trcGmin.) 





—T 





+ 


Vpp Supply Current, 




























































Ipp4 Minimum Cycle mA 
Fast page mode 
“| Vpp Supply Current, RAS>Vpp—0.2V, CAS=Vin a l 
DPS | GAS-Before-RAS Refresh Other inputs>Vss 
Vpp Supply Current 
I pues poeen trc=trc(min.) mA 2 
®P* | CAS-Before-RAS Refresh pedis 
Vit oer Low Voltage(all inputs) Vv 
Vv 


V 


Input High Voltage(all inputs) 





1H 
VoL Output Low Voltage 
OH 





Output High Voltage lon=—5mA _ 


NOTES : 


< 


zaman «dw Pv 





< 


ae a ee 


1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured -with output open. 
2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of of two transitions per address cycle in Fast page 


mode, 
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HY534256A 262,144 4-Bit CMOS DRAM 
SE EN SE a WE I I SEI ET ETO 


AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+t 10%, Vss=OV, unless otherwise noted.) 














































































































































































1] tras | RAS Pulse Width 60 | 10K | 70 | 10K | 80 | 10K | ns | 
3 trp RAS Precharge Time ae 40 | {| sof | ns 
4| tcsu CAS Hold Time 60 70 80 ns 
r GRE pulse wi a ae a a es 
5 | tcas CAS Pulse Width 20 10K 20 10K 20 10K ns 2] 
| 6| tren _| RAS to CAS Delay | 1s | 40 | 2 | so | 2 T 60 | ns | 
es 
7/ trcs T Read Command Set-up Time Bal a 0 ) | bald ns ; | 
8 |. tase __[ Row Address Set-up Time 0 0 0 ‘ ns 
Le ere ae 
9| tran | Row Address Hold Time 10 10 1 | ns 
10| tasc_| Column Address Setup Time Tee oh eo ia ns | ] 
11 | tcan Column Address Hold Time is | ay al Ty 15 ns i: 
12| trsn | RAS Hold Time 20 | 20 ie =| ns | 8 | 
38 tcrp | CAS to RAS Precharge Time 5 4 kes 5 ne if 5 ns | 8 _| 
14| tren | Read Command Hold Time Referenced to CAS) 0 0 0 |. ns | 
115 |_tRRH Read Command Hold Time Referenced to RAS 0 iD 0 ] 0 ns {_ | 
16} tron [Ras Hold Time Referenced to OE | 10 10 ak 15 ns ° | 
cee aE | i a 
| 17 toac Access Time from OE _| 20 es 25 AE 20 ns 3,4,5 _| 
== + 
18 ee Access Time from CAS ob 20 20 20 ns 5,7 
r- = rs 1 ji 1 
19 | trac sl Apes Time from RAS 60 70 x 80 ns 3 
i 7 all 1 | 
20! taa Access Time from Column Address | 30 is 35 { 40 ns Z| 11 | 
| 21 tLz OE or CAS to Output Low Impedance L 0 a I. 0 | 0 . ns + 
22| tyz OE or CAS to Output High Impedance he 0 He 20 =f o | 20 cle o | 20 ns 
23 | taR Column Address Hold Time from RAS i 50 = 55 ie 60 ns it. 
24 Ee trad RAS to Column Address Delay Time . 15 | 30 15 35 15 40 ns a 1 | 
(25| tow. | Write Command to CAS Lead Time 20 | 2 20 gi 20 ns_| 
26 | twcs Write Command Set-up Time | 0 0 0 ns 9 “| 
+. ekled eer nae 
a Write Command Hold Time i 10 15 [15 ns [ | 
28 | twp Write Command Pulse Width 10 | = 15 is HE 15 ns si 11 fa 
29! twer Write Command Hold Time from RAS 50 i | 55 | oe 60 ns rz _ 
301 trw. | Write Command to RAS Lead Time | 20 a ae 20 ns | 
ieee Data-In Set-up Time 0 0 0 ns 10 
32] ton | Data-In Hold Time 10 15 | as | | ns 10 
331 twon | Write to OE Hold Time 20 2 | | 20 | | os | 
34] toep | OE to Data Delay 20 20 | 20 ns 
35| trwc | Read-Modify-Write(RMW)Cycle-Time | 165 i 4! 185 | 205 ns ‘| 
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HY534256A 262,144 4-Bit CMOS DRAM 
ESR PS RA SPSS SE TP NE 


NOTES : 
1. Operation within the tpap(max.) limit insures that taac(max.) can be met. trap(max.) is specified as a referenced point only. If trap is greater than the specified 


tpap(max.) limit, then the access time is controlled by taq and tcac. 
2. trcp(max.) is specified for reference only. Operation within tacp(max.) and tpap(max.) limit insure that tpac(max.) and taa (max.) can be met. If tpcp 
is greater than the specified tpcp(max.) then the access time is controlled by taaq and tcac. 
. Assume trap<tRAD(max.) If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds tpap(max.) 
. Assume trcp<trcp(max.). If tpcp is greater than tacp(max.) then trac will increase by the amount that tpcp exceeds tacp(max.) 
. Measured with a load equivalent to two TTL loads and 100pF. 
. Assume that tpcp2tRcp(max.), tpap<tRap(max.) 
. Assume that tpcp<tRcp(max.) and tRaD>(max.) 
. Either tary OF tRCH must be satisfied for a read cycle. 
twcs: 'rwp: tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs>twcs(min), 
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle : if tawp>trwp (min), tcwp>tcwp 
(min) and tawD>tawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets of conditions 
is satisfied, the condition of the data out(at access time) is indeterminate. 
10. tpg and tp are referenced to the latter occurence of CAS or WE. 
11. tyz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
12. Access time is determined by the longer of tag, tCAC or tcap. 
13. Vy_Gmax.) and AC measurements assumen tt=S5ns 


14. An initial 
15. An initial pause of 200us is required after power-up and followed by a minimum of 8 initialization cycles(any combination of cycles containing a RAS clock such 


as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 3 


wen an sd WwW 





CAPACITANCE 
(T,=25,C, Vop=5V+t 10%, Vss=OV, unless otherwise noted) 











SYMBOL 





Address, Data input 





RAS, CAS, WE, OE 
Data Out ! 


NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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HY534256A 262,144 4-Bit CMOS DRAM 


TIMING DIAGRAM 


_ READ CYCLE 
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EARLY WRITE CYCLE 
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HY534256A 262,144 4-Bit CMOS DRAM 


WRITE CYCLE (OE CONTROLLED) 
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HY534256A 262,144X4-Bit CMOS DRAM 





FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HY534256A 262,144 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 














Note: WE, OE, Ao-As =Don’t care 





CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





READ CYCLE taRHs) 
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HY534256A 262,144 4-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (READ) 
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~ HIDDEN REFRESH CYCLE (WRITE) 
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FUNCTIONAL DESCRIPTION 


The HY534256A is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar 
to a traditional dynamic RAM. The HY534256A 
reads and writes 4 bits-of data at a time by 
multiplexing a 18 bit address into a 9 bit row 
and a 9 bit column address. The row address 
is latched by.the Row Address Strobe(RAS). 
The column address, however, flows through 
the internal address buffer and is latched by the 
Column Address Strobe (CAS). Because 
access time is primarily dependent on a valid 
column address, the delay time between RAS 


and CAS can be long without affecting the 


access time. 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tras timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle cannot be initi- 
tiated until the minimum precharge time, trp, 
and tcp has elapsed. 


READ CYCLE 


A read cycle is performed by maintaining the 
Write Enable (WE) signal high during the 
RAS operation. The column address must be 
held for a minimum time specified by t,,. Data 
out is controlled by the Out Enable(OE) and 
CAS(See the write cycle description). 

Data out becomes valid only when trac, taa, 
toac and tcac are all satisfied. Consequently, 
the access time is dependent upon the timing 
relationship among trac, toac and tcac are all 
satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE low 
during a RAS operation. 

The column address is latched by CAS, The 
input data must be valid at or before the falling 


edge of WE or CAS, whichever occurs last. 
Consequently, the write cycle can be WE 
controlled or CAS controlled depending upon 
the latter of WE or CAS low transition. In a 
CAS controlled write cycle(the leading edge or 
WE occurs prior to or coincident with the CAS 
low transition)the input/output (I/O) pin will 
be in the high impedance state at the beginning 
of the write function. Terminating the write 
action with CAS going high will maintain the 
I/O in the high impedance state, terminating 
with WE going high allows the output to go 
active, and OE must be brought high to allow 
for inputs on the I/O. 

The HY534256A incorporates a self-timed 
write feature which simplifies the system 
interface and optimizes data bandwidth. After 
the write funcition has been initiated, the 
HY534256A internally completes the write 
action and unlatches the address and data 
latches. Thus, the latches are ready for the next 
input/output cycle. This eliminates the need for 
long address and data hold times during the 
write operation and allows a subsequent 


‘column address to be applied earlier. This 


minimizes a write pulse width, write precharge 
time, and hold time which provides maximum 
flexibility in system design. 


REFRESH CYCLE 


To retain data, 512 RAS refresh cycle are 
required in an 8 ms period. The refresh 
operation can be performed two ways : 

. Clocking each of 512 row address(Ao 
through As) with RAS at least every 8 ms 
period. Any combination of RAS cycle such 
as read, write, read-modify-write, or RAS- 
only refresh cycle will perform a refresh. 

2. CAS-before-RAS refresh cycle : If CAS go 

low prior to RAS go low, the chip enters 

CAS-before-RAS refresh cycle. The 

HY534256A will use an internal nine bits 

counter output as the source of the row . 

address and will ignore the external address 

inputs. 

This CAS-before-RAS refresh mode is a 
refresh only mode and no data access is 


— 


allowed. Also, the CAS-before-RAS refresh 
cycle does not cause device selection and the 
state of the data output pin will remain in a 
high impedance state. 

In order to guarantee the reliable operation 
of CAS-before-RAS refresh mode, an internal 
counter test mode is provided. The user can use 
the counter test mode to write in a data pattern 
consecutively (512 write cycles) and, then 
verify the data which has been written by 
512 consecutive read cycles. 


DATA RETENTION MODE 


The HY534256A offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V, and an “extra 
high” Vin within 0.2V of Vpp. While the RAS 
clock is at the “extra high” level, the HY534256A 
power consumption is reduced to the low Ipps; 
level. Overall Ipp consumption when operating | 
in this mode can be calculated as follows : 


‘= (tre) X (I active) + (trx—trc) X Apps) 
tex 
Where trac=Refersh Cycle Time 
trx = Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 512 
columns within a selected row of the device to 
be randomly accessed at a high data rate. 
Maintaining RAS low while sucessive CAS 
cycles are performed retains the row address 
internally, eliminating the need to reapply it. 
The column address buffer acts as transparent 
or flow through latch while CAS is high. Access 
begins from the valid column address rather 
than from CAS, eliminating tasc and tr from the 
critical timing path. CAS latches the address 
into column address buffer and acts as an 
output enable. 

During this operation, read, write, and read- 
modify-write, or read-write-read cycles are 
possible at random or sequential address within 
a low. Following the entry cycle into fast page 
mode, access time is ta, or tcap dependent. It 


HY534256A 262,144 4-Bit CMOS DRAM 


the column address is valid prior to or 
coincident by tcap as shown in figure 1. If the 
column address is valid after the rising edge of 
CAS, then the access time is determined by the 
valid column address specified by taa, For both 
cases, the falling edge of CAS latches the 
address and enable the output. 

Fast page mode provides a sustanined data 
rate over 25 MHz for applications that require | 
high data rate such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate the data 
rate - 


512 
Pee ae eee alte 


DATA OUT OPERATION 


The HY534256A_ input/output(I/O) is 
controlled by OF, CAS, WE and RAS. A RAS 
low transition enables data to transfer into and 
from a selected row address. A RAS high 
transition disables data transfer and will latch 
the output data if the output is enabled. After 
a memory cycle is initiated by a RAS low 
transition, a CAS low transition or a CAS low 
level enables the internal I/O data. A CAS high 
transition or a CAS high level disables the I/O 
data path and disables the output driver if the 
driver was enabled. A CAS low transition while 
RAS is high has no effect on the I/O data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the I/O data 
path is enabled. An OE high transition or an 
OE high level disables the output driver, but 
does not disable the data when it has been 
enabled. A WE low level disables the output 
driver when a CAS low level occurs. If the WE 
low transition occurs after the CAS low 
transition such that the output driver is enable 
prior to the WE low transition, it is neccessary 
to use OE to disable the output driver prior to 
the WE low transition to allow data in set-up 
time(tps). A WE high transition passes control 
of the output drive to OE. 
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POWER ON 

An initial pause of 200 us is required after the 
application of Vpp power supply, followed by 
a minimum of eight initialization cycles(any 
combination of cycles containing a RAS clock 
such as RAS-only refresh cycle). Eight 
initialization cycles are required after extended 
periods of bias without clocks(greater than the 
refresh interval). 


The Vpp current (Ipp) requirement of the 
HY534256A during power on is dependent upon 
the input levels of RAS and CAS. If RAS=Vss 
during power on, the device would go into an 
active cycle and Ipp would exhibit large current 
transients. It is recommended that RAS and 
CAS track with V,p or be held at a valid Vin 
during power on. 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 
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PACKAGE INFORMATION 


© 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


MAX 
UNIT > INCH(mm) —— 























MIN 
Loe 0.977(24.816) 
0.957(24.308) | : 
0.300 BSC 3 
: (7.620) 
x ~__0295(7.493) 
3 0.275(7.239) 
| 2 
z : 
a Sea ae 
og ee ee ee te te | 
et | I f \ | 
on AE 
ou 83 
oS, 
rd <—_—— —s g & 
OOM 248) 0.065( 1.650) 0.021(0.533) 0100BSC G6 
OORWO 17) 0.050( 1.270) 0.016(0.406) (2.540) 
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¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE — 300 MIL 


| 


0.3400(8.636) 
0:3320(8.433) 








— 0.2950(7.493) —* 


0.3050(7.747) 


Ji 
Eee oe AX 
CTCT CTU UNIT : INCH(mm) * 


MIN 


<—— 












0.1440(3,658) 
0.1340(3.404) 


| 


0.2720(6.909) 
0.2600(6.604) 


0.6790(17.247) 
0.6710(17.043) 








0.0098(0.2489) 
0.0075(0.1905) 
0.0260(.0.660) 


0.0320(0.813) 
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¢ 20 PIN ZIGZAG-IN-LINE PACKAGE — 400MIL 


UNIT : INCH(mm) etl 
. mn) —— 
MIN 





e- 0.120(3,0480) 
0.112(2.8448) 













t 


| { 

ae SSS 32 

| Lae ee ss 
M4 [ 





« 0.024( 0.6096) i 
0.016(0.4064) | | 





0.050(1.2700) 
0.040(1.0160) 


‘ 
| ofl sociscs04e) 
0.009(0.2286) 


— 0.100(2.5400) BSC 


L 


1.036(26.3144) 


1.024(26.0096) 
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DESCRIPTION 


The HY534256AL is a high speed, low power 
262,144 4 bit CMOS dynamic random access 
memory. Fabricated with the HYUNDAI 
CMOS process, the HY534256AL offers a fast 
page mode for high bandwide operation, fast 
usable speed, CMOS standby current and 
inherently high CMOS reliability. 

All inputs and outputs are TTL compatible. 
Fast page mode operation allows random or se- . 
quential access of up to 512 * 4 bits within a row 
with cycle times as fast as 40ns. 

The HY534256AL design is optimized for ca- 
che based mainframe, minicomputers, gra- 
phics, digital signal processing high performa- 
nce microprocessor systems and note book pc. 


BLOCK DIAGRAM 








RAS o—> 






CONTROL 
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eoere wwe eee 
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“256K X 4-Bit CMOS: DRAM 


M1D1 200A JANG2 
FEATURES 
¢ Low power dissipation 
- Operating current, 60ns : 90mA(max.) 
- TTL Standby current : 2mA(max.) 
-CMOS Standby Current : 200uA(max.) 
- Battery Back Up Current : 300A (max.) 


* Read-Modify-Write capability 

. RAS-only, Hidden, CAS-Before-RAS refresh 
capability 

¢ Fast Page mode operation for a sustained data 
rate up to 25 MHz 

* 512 refresh cycles/64ms 

* High reliability 300 mil 20 pin P-DIP, 
20/26 pin SOJ and 400 mil ZIP 

* Fast access time and cycle time (ns) 












Max RAS Access 
Time, trac 
Max CAS Access 
[Tia tcac 

Min Fast Page Modd 
Cycle Time, tpc . ia 
Min Cycle Time, trc 110 























PIN NAMES 


RAS 





ROW ADDRESS STROBE 





CAS COLUMN ADDRESS STROBE 











WE WRITE ENABLE 
OE OUTPUT ENABLE 
: — - 
Ao-Ag ADDRESS INPUT 





| YOoVO3_| DATA INPUT/OUTPUT 





Vpp POWER(+5v) 


Vg | GROUND 





- 














HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 





ABSOLUTE MAXIMUM RATINGS 






SYMBOL PARAMETER 


Ambient Temperature 


TstcG Storage Temperature 





VTERM Voltage on Any Pin Relative to Vss 


Vpp 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


Voltage on Vpp Relative to Vss 


DC CHARACTERISTICS 
(Txs=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 








era fe 


SYMBOL | =—”—=CO*PARAMETER = ~=—--—s|_—sC TEST. CONDITIONS _| SE 
rae Input Leakage Current(any input pin) | Vss<Vin<Vpp 


Output Leakage Current for Vss<Doutr<Vpp 
High Impedance State RAS, CAS at Vin 


= Vpp Supply Current, Operating trc=trc(min.) 





zi 











RAS, GAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby 



















































































other inputs>Vss 
oa 7 t+ 
+ —80 70 
=60 | 70 | 
Yep Supe norte Minimum Cycle ~70 6 | mA | 1,2 
Fast page mode al 25, = sii 
— Vpp Supply eae | RAS=CAS= Vec— 0.2V | sah ids 
CAS-Before-RAS Refresh 
Vop Supply C =60 | su 
pee Gre Betore RAS Refresh ey — = | a . 
—80 70 
fore cycling or 0.2V, | | 
OE=WE=Vpp-—0.2V, 
‘ Add=Vpp—0.2V or 0.2V, 
Vpp Supply Current, VYO=Vpp~—02V or 02V or ope 300 pA 1 
Ipp7 Battery Back up trc= 125s, tras=tras(min.) 
~300ns 
Same as above 
400 pA 
except tras=300ns~ Ips 
Vit Input Low Voltage(all inputs) -1 0.8 Vv 
Vin _| Input High Voltage(all inputs) 2.4 |Vppt1| V 
VoL Output Low Voltage IoL=4.2mA 0.4 Vv 
Output High Voltage Iou= —5mA. 2.4 Vv 











NOTES : 
1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with output open. 


2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of of two transitions per address cycle in Fast page 
mode. 
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AC CHARACTERISTICS 
(Tx=0°C to 70°C, Vop=5V+t 10%, Vss=OV, unless otherwise noted.) 

































































































































; : a . sas : j SS me ; : 1A} 2 4 ne IN ; i ; A 
| 1] tras | RAS Pulse Width go | 10K | ns {| | 
| 2] tre | Random Read or Write Cycle Time 150 ns 
| 3| te | RAS Precharge Time 60 ns 
4 80 ns 
| 4 tcsu | va E + 
a anon —T 
| 6] trcp 20 ae 50 E 20 | 60 ae ns { | 
7) t 0 ns 
RCS [ bs a 
0 ns 
T —- 4 
9)! tran : 10 ES | ns | 
10! tasc Column Address Set-up Time 0 ns iB 
11| tcaH Column Address Hold Time 15 ‘a ns | 
12! trsp RAS Hold Time ; 20 r ns 
= a a + | | 
13 | tcrp CAS to RAS Precharge Time 5 , ms | 8 | 
147 trcn Read Command Hold Time Referenced to CAS 0 a) pps | 
15 trru Read Command Hold Time Referenced to RA 0 |_ns 
el tron | RAS Hold Time Referenced to OF | is | ns [ 
17| toac | Access Time from OE i! 20 | ns 3,4,5 
18 | tcac Access Time from CAS [ 20 [ ae | 5,7 
19| trac Access Time from RAS [ 80 ns C 3 
Access Time from Column Address | 40 | ns - 11 
21 OE or CAS to Output Low Impedance 0 a | ns 
OE or-CAS to Output High Impedance 0 | 20 ag 
Column Address Hold Time from RAS 60 [ | ns 
RAS to Column Address Delay Time 15 | 40 [ ns 7 1 
tew. | Write Command to CAS Lead Time 20 | [ ns_| 
twcs Write Command Set-up Time 0 | ns 9 
Write Command Hold Time 15 | [ns L | 
twp 15 ie ns | 11 
twcr | Write Command Hold Time from RAS 60 | ns | 
Write Command to RAS Lead Time 20 zs ns [ ; 
Data-In Set-up Time 0 ns 10 ma 
[32] ton | Data-in Hold Time | to | 15 ns | 10 
Read-Modify-Write(RMW)Cycle-Time 165 185 |. 205 ns 
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fetes Ee HE ig 

ue oe ee ee ae 

[58 tov | Column Addras to WE Dey _——Ss| wo | | | |»). |=] 9 | 

Sea ee a 

[40 trou | Fast Page Mode Read Modi WiteQueTine [95.| | 98| [10 | Tm |_| 

Pat ter | CS Prechange Time ees Sse eee 
35 





42) traL Column Address to RAS Lead Time 


43 tcpa Access Time from Column Precharge 35 35 | | ao [ ns | | 
44) tpur Data Hold Time Referenced to RAS 50 55 en ee 
45 | tcsr CAS Set-up Time(CAS Before RAS Cycle) $s} — aay 

of | 




















46 | trec RAS to CAS Precharge Time 


i 2 ie 
47) tcur CAS Hold Time(CAS Before RAS Cycle) fais} ff as |] as | 
ate Transition Time(Rise and Fall) 

. 64 























2 | ter | Refresh Inerva(S12 Cyl) ee) eee a 
RAS Pulse Width(Fast Page Mode) 60 {100K | 70 | 100K | 80 | 100K ae 
CAS Precharge Time(CBR Counter Test Cycle 40 | 40 40 ae 
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NOTES : 

1. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a referenced point only. If trap is greater than the specified 
tpap(max.) limit, then the access time is controlled by taa and tcac. 

. trcp(max.) is specified for reference only. Operation within tpcp(max.) and trap(max.) limit insure that tpac(max.) and taa (max.) can be met. If tpcp 
is greater than the specified tpcp(max.) then the access time is controlled by taa and tcac. 

. Assume trap<trap(max.) If trap is greater than tpap(max.) then trac will increase by the amount that trap exceeds trap(max.) 

Assume tpcp<trcp(max.). If tacp is greater than tp¢p(max.) then trac will increase by the amount that tpcp exceeds tpcp(max.) 

. Measured with a load equivalent to two TTL loads and 100pF. 

. Assume that tpcp>trcp(max.), trap<trap(max.) 

. Assume that tpcp<trcp(max.) and trap>(max.) . 

. Either tprH Or tRCH must be satisfied for a read cycle. : 

. twcs. trwD: tcwb and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only : If twcs>twcs(min), 
the cycle is an early write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle : if tpwp>tRwbp(min), tewp>tcwb 
(min) and tawp>tawp(min), the cycle is a read/write and the data output will contain data from the selected cell : if neither of the above sets of conditions 
is satisfied, the condition of the data out(at access time) is indeterminate. 

10. tpg and tpyy are referenced to the latter occurence of CAS or WE 

11. tyyz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

12. Access time is determined by the longer of taa, tcac or tcap. , 

13. Vy Gmax.) and AC measurements assumen tr=5ns 

14. An initial 

15. An initial pause of 200us is required after power-up and followed by a minimum of 8 initialization cycles(any combination of cycles containing a RAS clock such 

as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


N 


WO MNADA Pw 


CAPACITANCE 
(Ta=25°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted) 


Address, Data input - 


RAS, CAS, WE, OE 
Data Out - 


























NOTE : Capacitance is measured at worst case of voltage levels with a programmable capacitance meter. 
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TIMING DIAGRAM 





READ CYCLE 
tacia) 
+\_ —- tar(3,) > 
? —_—_ ——— tras ——__———> 
aaeene iq —— 
a ree ~——_—_—_—_—-» 
RAS Ya tar(2a) 
torp(13) |<—_—_» ee F a 13) —— 
CS Co 
c— 
_, tees.) 4) 
tasria) eno i 10) cv 11) 


Ao—Ag 


vO 


3-158 


tachi14) 


vi —////Ravoress, D makin 






we LLLLLLLLLL LA towne) | NALZEZZLAT LLL LLL) 
ae —LLLLLLL TTLTLNX. | ATT 


a—§£ tacit 18)» <a> | trzi22) 
——— traci <«—___ tuzi22) ____ 
Von — 
Vo — oo HIGH Z {//M —vAuIDDATAOUT 


@— tiz(21) 


HY534256AL 262,144 X 4-Bit CMOS LOW POWER DRAM 


EARLY WRITE CYCLE 


Al 


vO 














3-159 





HY534256AL 262,144X4-Bit CMOS LOW POWER DRAM. 


WRITE CYCLE (OF CONTROLLED) 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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CAS-BEFORE-RAS REFRESH CYCLE 





Note: WE, OE, Ao-As=Don't care 





CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 


HIDDEN REFRESH CYCLE (READ) 
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HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 


HIDDEN REFRESH CYCLE (WRITE) 
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HY534256AL 262,144 X 4-Bit CMOS LOW POWER DRAM 


FUNCTIONAL DESCRIPTION 


The HY534256AL is a CMOS dynamic RAM 
optimized for high data bandwidth and low 
power applications. The functionality is similar 
to a traditional dynamic RAM. The HY534256AL 
reads and writes 4 bits of data at a time by 
multiplexing a 18 bit address into a 9 bit row 
and a 9 bit column address. The row address 
is latched by the Row Address Strobe(RAS). 
The column address, however, flows through 
the internal address buffer and is latched by the 
Column Address Strobe (CAS). Because 
access time is primarily dependent on a valid 
column address, the delay time between RAS 
and CAS can be long without affecting the 
access time. 


MEMORY CYCLE 


The memory cycle is initiated by bringing 
RAS low. Any memory cycle once initiated 
must not be ended or aborted prior to fulfilling 
the minimum tas timing specification. This 
ensures proper device operation and data inte- 
grity. Additionally, a new cycle cannot be initi- 
tiated until the minimum precharge time, trp, 
and tcp has elapsed. 


READ CYCLE 


_A read cycle is performed by maintaining the 
Write Enable (WE) signal high during the 
RAS operation. The column address must be 
held for a minimum time specified by t,,. Data 
out is controlled by the Out Enable(OE) and 
CAS(See the write cycle description). 

Data out becomes valid only when trac, tas, 
toac and tcac are all satisfied. Consequently, 
the access time is dependent upon the timing 
relationship among trac, toac and tcac are all 
satisfied. 


WRITE CYCLE 


A write cycle is performed by taking WE low 
during a RAS operation. 

The column address is latched by CAS, The 
input data must be valid at or before the falling 


edge of WE or CAS, whichever occurs last. 
Consequently, the write cycle can be WE 
controlled or CAS controlled depending upon 
the latter of WE or CAS low transition. In a 
CAS controlled write cycle(the leading edge or 


WE occurs prior to or coincident with the CAS 


low transition)the input/output (I/O) pin will 
be in the high impedance state at the beginning 
of the write function. Terminating the write 
action with CAS going high will maintain the 
I/O in the high impedance state, terminating 
with WE going high allows the output to go 
active, and OE must be brought high to allow 
for inputs on the I/O. 

The HY534256AL incorporates a self-timed 
write feature which simplifies the system 
interface and optimizes data bandwidth. After 
the write funcition has been initiated, the 
HY534256AL internally completes the write 
action and unlatches the address and data 
latches. Thus, the latches are ready for the next 
input/output cycle. This eliminates the need for 
long address and data hold times during the 


- write operation and allows a_ subsequent 


column address to be applied earlier. This 
minimizes a write pulse width, write precharge 
time, and hold time which provides maximum 
flexibility in system design. 


REFRESH CYCLE 


To retain data, 512 RAS refresh cycle are 
required in an 64 ms period. The refresh 
operation can be performed two ways: | 
. Clocking each of 512 row address(Ao 

through As) with RAS at least every 64 ms 

period. Any combination of RAS cycle such 
as read, write, read-modify-write, or RAS- 
only refresh cycle will perform a refresh. 
2. CAS-before-RAS refresh cycle : If CAS go 
low prior to RAS go low, the chip enters 

CAS-before-RAS refresh cycle. The 

HY534256 will use an internal nine bits 

counter output as the source of the row 

address and will ignore the external address 
inputs. 

This CAS-before-RAS refresh mode is a 
refresh only mode and no data access is 


— 


HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 
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allowed. Also, the CAS-before-RAS refresh 
cycle does not cause device selection and the 
state of the data output pin will remain in a 
high impedance state. 

In order to guarantee the reliable operation 
of CAS-before-RAS refresh mode, an internal 
counter test mode is provided. The user can use 
the counter test mode to write in a data pattern 
consecutively (512 write cycles) and, then 
verify the data which has been written by 
512 consecutive read cycles. 


DATA RETENTION MODE 


The HY534256AL offers a CMOS standby 
mode that is entered by causing the RAS clock 
to swing between a valid V,, and an “extra 
high” Vi, within 0.2V of Vpp. While the RAS 
clock is at the “extra high” level, the HY534256AL 
power consumption is reduced to the low Ipps 
level. Overall Ipp consumption when operating 
in this mode can be calculated as follows : 


i (trc) X (I active) + (tax—trc) X pps) 
tex 
Where trac=Refersh Cycle Time 
trx= Refresh Interval/512 


FAST PAGE MODE OPERATION 


Fast page mode operation permits all 512 
columns within a selected row of the device to 
be randomly accessed at a high data rate. 
Maintaining RAS low while sucessive CAS 
cycles are performed retains the row address 
internally, eliminating the need to reapply it. 
The column address buffer acts as transparent 
or flow through latch while CAS is high. Access 
begins from the valid column address rather 
than from CAS, eliminating tasc and t; from the 
critical timing path. CAS latches the address 
into column address buffer and acts as an 
output enable. 

During this operation, read, write, and read- 
modify-write or read-write-read cycles are 
possible at random or sequential address within 
a low. Following the entry cycle into fast page 
mode, access time iS ta, OF tcap dependent. It 


the column address is valid prior to or 
coincident by tcap as shown in figure 1. If the 
column address is valid after the rising edge of 
CAS, then the access time is determined by the 
valid column address specified by taa, For both 


cases, the falling edge of CAS latches the 


address and enable the output. 

Fast page mode provides a sustanined data 
rate over 25 MHz for applications that require 
high data rate such as bit mapped graphics or 
high speed signal processing. The following 
equation can be used to calculate the data 
rate : 


| 512 
Pate Bate FPS tc 


DATA OUTPUT OPERATION 


The HY534256AL input/output(I/O) is 
controlled by OE, CAS, WE and RAS. A RAS 
low transition enables data to transfer into and 
from a selected row address. A RAS high 
transition disables data transfer and will latch 
the output data if the output is enabled. After 
a memory cycle is initiated by a RAS low 
transition, a CAS low transition or a CAS low 
level enables the internal I/O data. A CAS high 
transition or a CAS high level disables the I/O 
data path and disables the output driver if the 
driver was enabled. A CAS low transition while 
RAS is high has no effect on the I/O data path, 
nor on the output driver. 

An OE low transiton or an OE low level 
enables the output driver when the I/O data 
path is enabled. An OE high transition or an 
OE high level disables the output driver, but 
does not disable the data when it has been 
enabled. A WE low level disables the output 
driver when a CAS low level occurs. If the WE 
low transition occurs after the CAS low 
transition such that the output driver is enable 
prior to the WE low transition, it is neccessary 
to use OE to disable the output driver prior to 
the WE low transition to allow data in set-up 
time(tps). A WE high transition passes control 
of the output drive to OE. 
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HY534256AL . 262,144 4-Bit CMOS LOW POWER DRAM 


POWER ON 


An initial pause of 200 us is required after the 
application of Vpp power supply, followed by 
a minimum of eight initialization cycles(any 
tombination of cycles containing a RAS clock 
such as RAS-only refresh cycle). Eight 
initialization cycles are required after extended 
periods of bias without clocks(greater than the 
refresh interval). 


The Vpp current (Ipp) requirement of the 
HY534256AL during power on is dependent upon 
the input levels of RAS and CAS. If RAS=Vszs 
during power on, the device would go into an 
active cycle and Ipp would exhibit large current 
transients. It is recommended that RAS and 
CAS track with Vpp or be held at a valid Vin 
during power on. 


FIGURE 1. FAST PAGE MODE ACCESS TIME DETERMINATION 
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HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 


PACKAGE INFORMATION 


¢ 20 PIN PLASTIC DUAL IN LINE PACKAGE — 300 MIL 


UNIT : INCH(mm) “ 
4 np 
" MIN 






0.977(24.816) ‘ 
0.957( 24.308) | 





0.295(7.493) 
+ — 
0.275(7.239) 





‘ 
ee 
oe 


-—-___». 





0.145(3.683) 
0.135( 3.429) 








0.140(3.556) 
0.120(3.048) 


0.049( 1.245) 0.065( 1.650) 0.021(0.533) 0.100 BSC 
0.029(0.737) 0.050( 1.270) 0.016(0.406) (2.540) 
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HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE — 300 MIL 





——+| 


0.3400(8.636) 
0.3320(8.433) 


0.3050(7.747) 


—— 0.2950(7.493) = 


he 
aa 














MAX 
UNIT : INCH(mm) ———- 
MIN 





0.0200(0.508) 
——*} }*— 0.0160(0.406) 







0.0320(0.813) 
— 0.0260(0.660) 


0.0500BSC 
*~ (1.270) | 










0.1440(3.658) 
0.1340(3.404) 


Up. 


0.2720(6.909) sae) 
0.2600(6.604) | 


—p = 


- 








0.6790(17.247) 
0.6710(17.043) 






_— 


0.0098(0.2489 ) 

0.0075(0.1905) 
0.0320(0813) ,| 
0.0260(0.660) 
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HY534256AL 262,144 4-Bit CMOS LOW POWER DRAM 


¢ 20 PIN ZIGZAG-IN-LINE PACKAGE — 400MIL 


0.016(0.4064) | 


1.036(26.3144) 
1.024( 26.0096) 











MAX 
UNIT ; INCH(mm) —— 
MIN 


— 0.120(3.0480) 
0.112(2.8448) 













«— 0.356(9.0424)__, 
0.344(8.7376) 
0.120(3.0480) 
0.520( 13.2080) 


<— 0.400(10.1600) MAX —» 


4— 0.140( 3.5560) 


+——__ 0.540(13.7160) ————_» 


t 
88 
AO Peers Ee 
Ly ll ' 
Bg —> ill 0.012(0.3048) 
3S 0.009(0.2286) 
— + 0.100(2.5400) BSC 
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DESCRIPTION 


The HY514100 is a low power and new 
generation dynamic RAM organized 4,194,304 - 
words by 1 bit. The HY514100 utilizes 
HYUNDAI’s CMOS process technology as 
well as advanced circuit technology to provide 
wide operating margins and very low power to 
the user. 

The package size provides high system bit 
densities and is compatible with widely 
available automated testing and insertion 
equipment. 

All inputs and outputs are TTL compatible. 
Input and output capacitances are significantly 
lowered to allow increased system perform- 
ance. 
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MX 1-Bit CMOS DRAM 
M191202A-JAN92 


FEATURES 


¢ Low power dissipation 
- Operating Current, 100ns : 70mA (max. ) 
- TTL Standby Current : 2mA(max.) 
'- CMOS Standby Current : 1mA(max.) 

* Read-Modify-Write Capability 

* RAS-only, Hidden, CAS-Before-RAS Refresh 
Capability 

* Common I/O capability 

¢ Fast Page mode and Test mode capability 

¢ 1024 refresh cycles/16 ms 

* High reliability 300 mil 20/26 pin SOJ. 

* Fast access time and cycle time(ns) 
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Max RAS Access 























if 70 80 100 
ime, t, 
—— Bae — {— + 
Max CAS Access 

; 20 25 25 
Time, tcac ; , | 
Min Fast Page Mode | , 

50 50 60 

Cycle Time, tpc st a : 
Min Cycle Time, trc ae 130 150 180 








PIN CONNECTIONS 





SOJ 
PIN NAMES 





—- = 
RAS ROW ADDRESS STROBE | 





GAS. | COLUMN ADDRESS STROBE 





—_ 


WE WRITE ENABLE 





AgAig | ADDRESS INPUT 





DIN DATA INPUT 
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Dout DATA OUTPUT 





Vpop POWER (+ 5v) 
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HY514100 4,194,304 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 















‘Ambient face. 0 to 70 
Storage ab oak —55 to 150 
“100 70 
wes ae Ieee een 
a Co C1 ee 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
Sosa to ale 
















</B\< 


As as: UNIT 
maa Supply Volage a ec 


Input High Voltage 
Input Low Voltage 
NOTE : Ail voltages are reference to Vgg. 




















DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, unless otherwise noted.) 









TEST CONDITIONS ; 













0V<Vin <6.5V, All other 




























































| Tuy | Input Leakage Current(any input pin) : 
pin not under test=Vss 
ee Output Leakage Current for Dou is disable, 
oy High Impedance State _[ 0VSVourss.5V . 
ne =a | 
: RAS, CAS, Address 
Ipp1 Vpp Supply Current, Operating ; ; =80 | 
; . cycling, tac=trc(min.) ~10 
Vpp Supply Current, TTL Standby | RAS=CAS=Vin 
ao =, —70 
; Vpp Supply Current, RAS cycling, CAS=Vin, = 
| Bee RAS-only Refresh trc=trc(min.) io 
= —70 
Vpp Supply Current, RAS=Vn,, Address - 
Ippa . . 80 
Fast page mode cycling, tpc=tpc(min.) rr 
Vpp Supply Curren Seat | ese 
Tope ies atad ° RAS=CAS=Vpp-0.2V 
CMOS Standby 
Vpp Supply C RAS, CAS cyclin; 
c 
ip eee re es —80 80. | mA 2 
CAS-Before-RAS Refresh trc=trc(min.) 
4 —10 = 70 
Vo Output Low Voltage Tot =4.2mA _ 0.4 V 
Vou | Output High Voltage | Ion= —5mA 2.4 a V 
NOTES : 


1. Ipp1 and. Ipp4 depend on output loading, specified values are abtained with the output open. 
2. Ipp1, Ipp3, Ipp4 and Ipp¢6 depend on cycle rate. 
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HY514100 4,194,304 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Voo=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES : 1, 2, 3 
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|| c_| Ron Reo We Gee Tine 
3 Fast Page Mode Cycle Time - 50 oa | oo} - | ns 
L 41! tprwc | Fast Page Mode Read-Modify-Write Cycle Time 75 _ 7 80 _ 90 - ns 
5| trac | Access Time from RAS | - Hae ened ee eT |_ 49 
6| tcac | Access Time from CAS a | 20 = 25 r = 25 ns 4,9 | 
| 7 taa Access Time from Column Address a 35 | a 40 [ = | 45 ns [ 4,9 | 
8| tera Access Time from CAS Precharge _ 45 in 1 45 = 55 ns 4 
A tcLz CAS to Output in Low-Z 4 0 |. a aes i; 0 Fae ns 4 
10 | torr Output Buffer Turn-off Delay ie 0 | 20 0 + 20 0 20 ns | 5 
11| tr Transition Time(Rise and Fall) 3 50 3 50 3 50 ns : 3 | 
12 | trp RAS Precharge Time I 50 i = | 60 [ - 70 -_ ns 
13 {teas RAS Pulse Width | 70 | 10K | 80 | 10K | 100 t 10K | ns | 
14} trasp [ RAS Pulse Width(Fast Page Mode) 70 200K; 80 200K “| 100 200K | ns | 
15| tes | RAS Hold Time [pos = eas Fe | 2 [ = | ns 
CAS Hold Time 70_| ie Veer eee 











TAS Pulse Width 20 [10K | 25 | me 25 | 10K | ns | 

















RAS to CAS Delay Time ah 20 50 | ae 55 25 75 | ns 9 
na to Colonia Address Delay Time 15 ai 35 4 15 40 a 20 | 55 ns 4 10 ] 
tcrp CAS to RAS Precharge Time 5 = 5 [_ = 10 = ns | 
211 top fens Precharge Time alee 0 | - Le aGt cee hae [ 
ar tase Row Address Set-up Time | 0 | - 0 _ Jl: 0 a ns 
fe 





23 | tran Row Address Hold Time 10 aa - 10 | = 15 —_ ns 


es Iroc 
24] tasc Column Address Set-up Time | 0 - 2 - Ff 0 - ns 
= 2! — 




















































































































25} tcan Column Address Hold Time ai 15 | ee 15 vie ns — | 
26 | tar Column Address Hold Time referenced to RAS 55 — 60 a | 80 | - ns 
| 27| tra | Column Address to RAS Lead Time 3s | - | 4 | - | 45 | - | ns 7 
= trcs Read Command Set-up Time 0 | a | 0 | - | 0 i - ns | 
29 | trcH Read Command Hold Time 0 _- 0 | _- 0 - ns 6 
30 | trrH Read Command Hold Time referenced to RAS 0 ce _ Of; - c- 0 om ns 6 
31 {| twcn | Write Command Hold Time ~t 15 a [45 _ 20 = ns 4 
34] trwL Write Command to RAS Lead Time 20 = 25 - 25 a ns 
35} tcw. | Write Command to CAS Lead Time 20 = 25 - 25 = ns 
| 36 | tos =| Data Set-up Time : 0 [ _ 0 a 0 - ns | | 
! a] toy [Data Hold Time — = 15 a 15 - 20 - - ns + | 
38 | tpHR Data Hold Time referenced to RAS 55 = 60 - 80 _ ns 
trer _ | Refresh Period i 2 ea De ee a 
40 | twces Write Command Set-up Time [2 - 0 = 0 - 8 
| 41 CAS to WE Delay Time 20 =F 25 - 25 - ns 8 
42 RAS to WE Delay Time 70 | - | 80 | - [| 10 | - | ns 8 
43 | tawp | Column Address to WE Delay Time 35° | oc 40 | - | 45 | - ns 8 
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HY514100 4,194,304 1-Bit- CMOS DRAM 








44 icon | CAS Setup Time(CAS Before RAS Cycle) | 10 | 
45 | town | CAS Hold Time(CAS Before RAS Gye) | 30 [ - | [| - | [| - [m=] 
[46 tyre [RAS 0 CAS Precharge Time ———=| of - | of - | of - [ml 
[a7 [tert | CAS Precharge Tine(CBR Counter Tat Gio)| 4 | = | [| - | [| - [m=] 
[48| tre | Write Command Setup Time(Test Mode in) | 10 [= [1 [= [| - [m=] 
[49 | tw | Write Command Hold Time(Test Mode in) | 10_[ = [10 | — | 10 | 


twre | WE to RAS Precharge Time(CBR Cycle) 1 | - | wo {| - | 0 | - | os | 
51| twru | WE to RAS Hold Time(CAS Before RAS Cycle)| 10 - 10 _ 10 
52 tcpwo | CAS Precharge to WE Delay ; 40 - 45 - + 50 

40 baeet a itemectle 


53 | truce | RAS Hold Time from CAS Precharge — =i = 45 | = 



































AC CHARACTERISTICS IN TEST MODE Nore 11 























| trac | Access Time from RAS ~ _ 
Access Time from CAS = 
Access Time from Column Address -_ 


Access Time from CAS Precharge 











RAS Pulse Width 








RAS Pulse Width(Fast Page Mode) 














RAL 


68 | tcwo | CAS to WE Delay Time 
trwp RAS to WE Delay Time 
Column Address to WE Dealy Time 
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| HY514100 4,194,304 1-Bit CMOS DRAM 
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NOTES : 

1. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

. AC measurements assume tyT=5ns. 

~ VinGmin.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy and Vy. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

tofF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

. Either thCH or tRRH must be satisfied for a read cycle. 

. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

- WCS) (RWI “cwD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcos>twcs(nin.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tawp>trwp(min.). tewp>tcwp(min.) 
and tawn>tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out(at access time) is indeterminate. 

9. Operation within the tpcp(max.) limit insures that trac(max.)can be met. tpcp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(inax.) limit, then access time is controlled by tcac. 

10. Operation within the tpap(max.) limit insures that tp ac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 

trap(mux.) limit, then access time is controlled by ta. 

11. These specifications are applied to the test mode. 


SPN AKXALYWH 


CAPACITANCE 
(Trs=0°C to 70°C, Von=5V+10%, f=1MHz) 























Input Capacitance(Ag-Ajo, Din) 
Input CapetieB AS, CAS, WE) 7 


cc a 
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HY514100 . 4,194,304 X< 1-Bit CMOS DRAM 


TIMING DIAGRAM 
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HY514100 4,194,304 X 1-Bit CMOS DRAM 


READ-MODIFY-WRITE CYCLE 
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HY514100 4,194,304 1-Bit CMOS DRAM 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE 
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CAS-BEFORE-RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE — 
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TEST MODE IN CYCLE 
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NOTE : Dyn and Ag-Ajo: “H” or “L” 
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TEST MODE 


The HY514100 is a DRAM organized 4,194, 
304 words by 1 bits and it is internally 
organized 524,288 words by 8bits. In Test 
Mode, data are written into 8 sectors in parellel 
and retrieved the same way. Awr, Awc and 
Aoc are not used. If, upon reading, all bits are 
equal(all 1s or Os), the data output indicates 
1. If any of the bits differed, the data output 
pin indicates 0. The following figure shows 
the block diagram of HY514100. In Test 
Mode, 4MX1 DRAM can be tested as if it 
were a 512KX1 DRAM. 


BLOCK DIAGRAM IN TEST MODE 
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oe SAR Block” 
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Normal Bron, Aion Ace E 
O 512K block 
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512K block 














WE, CAS-Before-RAS Cycle(Test Mode In) 
puts the device into Test Mode. And CAS- 
Before-RAS Refresh Cycle or RAS-Only- 
Refresh Cycle puts it back into Normal Mode. 
In Test Mode, WE, CAS-Before-RAS Refresh 
Cycle performs the refresh operation with the 
internal refresh address counter. The Test 


Mode funtion reduces test time to one-eighth . 


of normal in case of N test pattern. 
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HY514100 4,194,304 x 1-Bit CMOS DRAM 


PACKAGE INFORMATION 


* 20/26 PIN SMALL OUT LINE J-FORM PACKAGE-300 MIL 


MAX 
UNIT > INCH(mm) — 
CH(mm) mG 


e 











0.2950(7.4930) 
0.3380(8.5850)__, 


0.3300(8.3820) 


0.3050(7.7470) 





fr 





0.0200(0.5080) 
*~ 0.0160(0.4064) 





0.0320(0.8128) 
=— 0.0260(0.6604) 
















33 
38 
oD : 
23 ae ‘s 
i shes OSTA? BAGS. 25 | ___.02740(6.9596) as 
0.6710( 17.0434) rod 0.2600(6.6040) 
Ee 
0° 


0.0400( 1.0160) 
0.0300(0.7620) |. 
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M1G1200A-MAR92 
DESCRIPTION FEATURES 
The HY514100A is a high speed, and new ¢ Low power dissipation 
generation 4,194,304 words by 1 bit CMOS - Operating Current, 80ns  : 85mA(max. ) 
dynamic random access memory, fabricated - TTL Standby Current : 2mA(max.) 
with the HYUNDAI CMOS process. The -CMOS Standby Current : ImA(max.) 
HY514100A offers a fast page mode operation, * Read-Modify-Write Capability 
fast usable speed, and inherently high CMOS ° RAS-only, Hidden, CAS-Before-RAS Refresh 
reliability. Capability . 
All inputs and output are TTL compatible. ' © Fast Page mode and Test mode Capability 
Multiplexed address inputs permit the * Single 5V+ 10% power ‘supply 
HY514100A to be packaged in a standard 20/26 * 1024 refresh cycles/16ms 
pin SOJ, TSOP, and 20 pin ZIP. ¢ High reliability 300 mil 20/26 pin SOJ, TSOP 
HY514100A design is optimized for cache and 400mil 20pin ZIP. 
based mainframe, and microcomputers, * Fast access time and cycle time(ns) 
graphics, digital signal processing, and high : oe  Hv5141008-40 | H¥S141004-70 HY514100A-80 | 
performance microprocessor systems. | Max RAS Access és ai <i) | 
Time, trac 
Max CAS Access i 
eon 20 20 25 
| Min Fast Page Mode r 
BLOCK DIAGRAM Gaia 40 45 I 55 
leven Cycle Time, tre | 120 ie 130 are 150 
woe |) DaTAIN [+0 DWN PIN CONNECTIONS 


COLUMN 


CLOCK 
DATA OUT 
GENERATOR pee ©Doyt 
ee 
Vpp 
| GENERATOR 


COLUMN 
DECODER 
REFRESH 
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SENSE AMP 
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(10) t tt Peescesiae t t t 
—_ 


oe 
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pREDECopeR| LL ROW MEMORY 
(i) E10) veconer ARRAY 

=< 
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HY514100A 4,194,304 1-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


Ta 

































Ambient Temperature 














TstG Storage Temperature 


Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 | 


, ‘ Vv 
Vpp Voltage on Vpp Relative to Vss —1.0 to 7.0 Vv 
los Short Circuit Output Current 50 | mA 

seh: 









































TsoLDER Soldering Temperature, Time 260, 10 
| Pr Power Dissipation ; | 735 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 




















PARAMETER 








Supply Voltage 





Input High Voltage 
Input Low Voltage 











NOTE : All voltages are reference to Vsg. 


DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 






PARAMETER = |_TEST CONDITIONS 
0V<Vin <6.5V, All other 
| Tus | Input Leakage Current(any input pin) '<Vin <! : = 
pin not under test=Vss 
























































Output Leakage Current for Dourt is disable, 
| Ibo | : — 10 yA 
| High Impedance State 0V<Vout<5.5V L _| +i) 
ee — 60 = 105 
RAS, CAS, Address 
Ipp1 Vpp Supply Current, Operating : . | —70 a = 95 mA 1, 2 
cycling, tac=trc(min.) 
—80 = i 85 
———— wie. I 
[ Ipp2 Vpp Supply Current, TTL Standby RAS=CAS= Vix = 2 mA i 
Vpp Supply. Current, RAS cycling, CAS=V = _ te 
pp Supply, Curren cyclin; =Vin, 
Ipp3 — : a = —70 a 95 mA 1 
RAS-only Refresh trc=trc(min.) 
| —80 = 85 | 2 
ie Supply Current, RAS=Vi, Add ie = | 
pp Supply Curren =ViL, ress 
cor ie So a eS eR 
Fast page mode cycling, tpc=tpc(min.) | 7 


Vpp Supply Curren eee eee, 
Ips Peay : RAS=CAS=Vpp—0.2V = is lek 
CMOS Standby L | 


Vpp Supply Current, RAS, CAS cycling 5 






































Ippe pits pri 0 95 mA 1,4 
CAS-Before-RAS Refresh trc=trc(min.) 
| =80 | = 85 4 
| VoL Output Low Voltage IoL_=4.2mA _ 0.4 V 
=r za + + 
Vou | Output High Voltage lon=—5mA ce = v | 
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HY514100A 4,194,304 X< 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
‘(T,=0°C to 70°C, Von=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES : 3, 4, 5 














































































































































































1} tre Random Read or Write Cycle Time 130 = 150 = ns 
2| tawc | Read-Modify-Write Cycle Time iss | — | 18:0 | - | ns 
|_ 3 ale tec Fast Page Mode Cycle Time | - | 45 ioe {55 = ns 
i. |_terwe bast Page Mode Rear Modi wus Cycle Time | 70 eee oe 85 = ns _| 
L sal trac | Access Time from ied 60 | Toa 70 | ~ 80 ag ns 7, 12 | 
L 6] tcac | Access Time from CAS eee 20 oa 25 ns | 7, 12 _| 
L 7) taa Access Time from column Address 30 hence 35 “il eee 40 | ns | 7,12 | 
81 tcpa Access Time from CAS Precharge ke 40 eee 50 _| ons | 7 
) 9! tez | Cas to Output in Low-Z 0 y = 0 = ns i) | 
10 torr | Output Buffer Turn-off Delay 0 | 20 ; 0 20 ns fe: 8 | 
| tr Transition Time(Rise and Fall) 3 50 | 3 50 ii ns L_ 6 | 
| 12 trp RAS Precharge Time 50 — . 60 ‘oe ns | | 
|13| tras | RAS Pulse Width | 70 | 10K | 30 | 10K | as 
14| trasp | RAS Pulse Width(Fast Page Mode) 200K | 70 | 200K | 80 | 200K | ns | _ | 
| 15 | trsu | soe Hold Time 20 bees 25 aoe ns ad 
[ 16| tcsH os Hold Time 70 [| — | 80 = L ns | 
ee ih. tcas hee Pulse, Width [ 20 | 10K | 25 10K i = } 
18| trcp_| RAS to CAS Delay Time 20 | so | 20 | 55 | 2 | 
2 trap LAS to Column Address Delay Time 15 35 15 L 40 a: ns 13.) 
20 | tcrp | CAS to RAS Precharge Time 5 eran 5 _ ns 
21 tcp CAS Precharge Time 10 eae 10 ‘yen | ns | 
[22 tasR | Row Address Set-up Time 0 Wee 0 ae | ns ide 
leas tRAH | Row Address Hold Time | 10 LL = | 10 ie - L ns | 
24) tase | Column Address Set-up Time 0 Ls = | 0 = ns | 
| 25 | tcaH Column Address Hold Time Bi 15 ees 15 | _ ns 
26| tar Column Address Hold Time referenced to RAS 55 oy eas 60 ae a. ns 
| 27 | tRAL Sl eanan Address to RAS Lead Time | 35 Piecta ty 40 - ih ns 
| 28 trcs Read Command Set-up Time 0 meen 0 il 7 [3s | 
| 29 trcn Read Command Hold Time 0 i a L - ns | | 
| 30! trrH Read Command Hold Time referenced to RAS 0 toe 0 a ences ns a | 
31] twcu Write Command Hold Time 15 a 15 - fi ns =| 
32! twer Write Command Hold Time referenced to RAS 55 a 60 a ns 
34| tawe | Write Command to RAS Lead Time 2 | - | 2 | - | 2 | - | as 
| 35 | tow. a Write Command to CAS Lead Time 20 = 20 | - | 25 - eee | il 
pee tps Data Set-up Time 0 < 0 L = 0 c = + ns | 10 i 
La! toy Data Hold Time —_ 15 = 15 7 = f 15 _ ns | 10 | 
| 38 tpHR Data Hold Time referenced to RAS 50 - 23c sire 60 _ [ ns | | 
39! trer Refresh Period = 16 seus 16 | = L nue ms |_ | 
[40 twcs Wale Command Set-up Time 0 < 0 eee ke 0 L = ae ns ; 11 
ia tcwp ssid to bt Delay Time 20 = 20 al aa 25 E ee a 11 
| 42 trwp_ | RAS to WE Delay Time 60 = 70 eee | ae = La 11 | 
| 43 | tawp | Column Address to WE Delay Time 30 <= 35 lines 40 —_|_ns 11 | 
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“HYSIGI00A 


jos | | 


CAS Hold Time(CAS Before RAS Cycle) | 15 | — | 20-| - | 30] - | 
eee ce eat ate ae 
er [OS Ps Fine cancer Tor Gea] 90 [= [ef [wf = fm 
tes Wee Comme ep endtenninem) [0 |= [w= [wf = 

Write Command Hold Time(Test Mode In) 
fees 


WE to RAS Hold Time(CBR Cycle.) 





























AC CHARACTERISTICS IN TEST MODE NoTE 14 


HY514100A. 
4 symBor) ‘PARAMETER eae epee 
tre 













































































































Random Read or Write Cycle Time 125 a= 135 es = 155 = ins | 
53 | trwc | Read-Modify-Write Cycle Time 150 = Baa 7: 185 £ = é ns 
| 54 tpc ree! Page Mode Cycle Tne 45 -_ 50 Be _ 60 | = + ns 
55 tprwc | Fast Page Mode RMW Cycle Time 70 a 75 = 90 i ns 
56} trac | Access Time from RAS = fe hoe ae, Sol as ie tae 
tcac _| Aes Time form CAS =a 25 my — _ 25 t a 30 ns 7, 12 
58} taa Access Time form Column Address _ = 35 ml = + 40 Ea | 4s. | as 7, 12 
59 | tcpa aes Time from CAS Precharge - 40 ea — ed = z 55 ns 7 
60} tras RAS Pulse Width 65 10K is 75 |_10K 85 : 10K ns 
| 61 | trasp RAS Pulse Width(Fast Page Mode) 65_| 200K | _75_| 200 | 85 | 200K | ns 
| 62 trsH etal Hold oe 25 aa | 25 | = 1 30 4 -_ cE 
63 | tcsH CAS Hold Time 65 _ 75 - 85 = ns 
64 les CAS Pulse Width 25 10K | 25 110K if 30 7 10K de ns _| 
[65] tran Column Address to RAS Lead Time 35 | oT - 5 | - ns 
| | tcwo CAS to WE Delay Time 2 {| - as | - 30 a ns aL 1 
nae trwp | RAS to WE Delay Hime 65 = 75 = bes 85 aa = 11 
68 | tawp | Column Address to WE Dealy Time 35 _ 40 ic ae 45 a ns 11 





3-192 | 4 


HY514100A 4,194,304 1-Bit CMOS DRAM 


NOTES : 
1. Ipp1, Ipp3, Ipp4# Ippe- Ipp7 depend on cycle rate. 
2. Ipp1, Ipp4 depend on output loading. Specified values are obtained with the output open. 
. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 
4, It depends on user whether column address is changed or not at least once while RAS=Vy. and CAS=Viy.- 
5. AC measurements assume tr=Sns. 
6. VyyGmin.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vjyz and Vi. 
7 ' 
8. 
9 


Ww 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. torF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 
. Either tpcH or tpry must be satisfied for a read cycle. 

10. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycle. 

11. twcs, tRwD; tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs>twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuitChigh impedance) through the entire cycle : If tpwp>tRwp(min.). tewo2tcwp(min) 
and tawp>tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out(at access time) is indeterminate. 

12, Operation within the tacp(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only : If tap is greater than the specified 
trcp(max.) limit, then access time is controlled by tc ac. 

13. Operation within the tpap(max.) limit insures that trac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 

14. These specifications are applied to the test mode. 





CAPACITANCE 
(Ta=0°C to 70°C, Vop=5V+ 10%, f=1MHz) 





>) “PARAMETER 
Input Capacitance (Ap-A1o, Dyn) 





Input Capacitance(RAS, CAS, WE) 
Output Capacitance(Dour) , 
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TIMING DIAGRAM 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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HY514100A 4,194,304 1-Bit CMOS DRAM 
Sa a a a a ae ee 


FAST PAGE MODE READ-MODIFY-WRITE 
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Vi 7 
<?+A—__@_— tcsH (16) ————>]_ | <——— iprweis) ——_> 
tcrP(2o) tern top 21) 
<-——- tacos) ——_ 
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RAS-ONLY REFRESH CYCLE 
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HY514100A 4,194,304 X 1-Bit CMOS DRAM 
Pa RENESAS SN SS I I LEI 


CAS-BEFORE-RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE(WRITE) 
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HY514100A 4,194,304 1-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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HY514100A 4,194,304 1-Bit CMOS DRAM 


TEST MODE IN CYCLE 
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BLOCK DIAGRAM IN TEST MODE 
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Aor, Row Aoc 
POR 512K block 
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HY514100A 4,194,304 x 1-Bit CMOS DRAM 


TEST MODE 


The HY514100A is a DRAM organized 
4,194,304 words by 1 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in parellel 
and retrieved the same way. Awr, Aic and Aoc 
are not used. If, upon reading, all bits are equal 
(all 1s or Os), the data output indicates 1. If any 
of the bits differed, the data output pin indicates 
0. The figure 1 shows the block diagram 
of HY514100A. In Test Mode, 4MX1 DRAM 
can be tested as if it were a 512K X8 DRAM. 


PACKAGE INFORMATION 


WE, CAS-Before-RAS Cycle(Test Mode In) 
puts the device into Test Mode. And CAS 
-Before-RAS Refresh Cycle or RAS-Only- 
Refresh Cycle puts it back into Normal Mode. 
In Test Mode, WE, CAS-Before-RAS Refresh 
Cycle performs the refresh operation with the 
internal refresh address counter. The Test 
Mode funtion reducess test time to one-eighth 
of normal in case of N test.pattern. 


* 20/26 PIN SMALL OUT LINE J-FORM PACKAGE-300 MIL 
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0.1380(3.5050) 








0.6700(17.2466) 
~~ 0.6710( 17.0434) 
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HY514100A 4,194,304 < 1-Bit CMOS DRAM 





* 20/26 PIN THIN-SMALL OUTLINE PACKAGE— 300 MIL 
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DESCRIPTION 


The HY514100AL is a high speed, low power 
4,194,304 words by 1 bit CMOS dynamic 
random access memory, fabricated with the 
HYUNDAI CMOS process. The HY514100AL 
offers a fast page mode operation, fast usable 
speed and inherently high CMOS reliability. 

_ All inputs and output are TTL compatible. 
Multiplexed address inputs permit the 
HY514100AL to be packaged in a standard 
20/26 pin SOJ, TSOP, and 20 pin ZIP. 

HY514100AL design is optimized for cache 
based mainframe, and microcomputers, 
graphics, digital signal processing, and high 
performance microprocessor system. 


BLOCK DIAGRAM 
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PRELIMINARY 





M1H1200A-MAR92 
FEATURES 
¢ Low power dissipation 
- Operating Current, 80ns_ : 85mA(max.) 
- TTL Standby Current > 2mA (max. ) 
- CMOS Standby Current : 200uA(max.) 
- Battery Back Up Current : 300uA(max. ) 


Read-Modify-Write Capability 

° RAS-only, Hidden, CAS-Before-RAS._ Refresh | 
Capability | . 

¢ Fast Page mode and Test mode Capability 

¢ Single 5V+ 10% power supply 

¢ 1024 refresh cycles/128ms 

* High reliability 300 mil 20/26 pin SOJ, TSOP 

and 400mil 20pin ZIP. 


‘© Fast access time and cycle time(ns) 






























ae | vstatooat-oafysiatooat-7olHvst4i00aL-80] 
Max RAS Access “i 
60 10 80 
Time, trac iZ | 
Max CAS Access 7 | 
20 20 25 
Time, tcac iy 4 | 
Min Fast Page Mode | 
: 40 45 55 
Cycle Time, tpc | 
MinCycleTimetrc | 120 | 130 | 150 | 











PIN CONNECTIONS 
































PIN NAMES 
RAS ROW ADDRESS STROBE 
CAS | COLUMN ADDRESS STROBE | 
WE WRITE ENABLE 
AoAio | ADDRESS INPUT 
| DIN DATA INPUT 
Dour [DATA OUTPUT 
Vop POWER (+5V) 
| Vg GROUND 

















HYSI4100AL 4,194,304 x 1-Bit CMOS DRAM 





elo0/OUEe MAXIMUM RATINGS 


0 to 70 





Ambient Tempo: 


Storage Temperature 
Voltage on Any Pin Relative to Vss 


Voltage on Vpp Relative to Vss 
| tos |__ Short Circuit Output Current 
slding Tapert Tne 

Pr : 


Power Dissipation 














—55 to 150 
—1.0 to 7.0 
—1.0 to 7.0 


260, 10 








NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 




















PARAMETER MIN. 
Supply Voltage 45 
Input High Voltage 2.4 
Input Low Voltage —-1.0 











NOTE : All voltages are reference to Vgc. 


DC CHARACTERISTICS 
(Ts=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 




































































































































ee ae 14100AL ZY 
SYMBOL fe PARAMETER : rEST ¢ CONDITIONS “| SPEED HS Me p UNIT iF NOTE 
f , OV <ViIncOSV, Arete 1 
| Iu: ! | Input Leakage Current(any input pin) = 10 uA 
; pin not under test=Vss zs hes Is 
lho | | Output Leakage Current for Dourt is disable, - “| 10 aK 
L su | High Impedance State OV <VouT<5.5V | a] | 
—_ -—_ —60 - 105 
; RAS, CAS, Address r + | i 
Ipp1 Vpp Supply Current, Operating ; ; —70 = 95 mA 1, 2,5 
cycling, tpc=tec(min.) a = ‘ 
. aes as al 
|___Ippz | Vpp Supply Current, TTL Standby _| RAS=CAS=Vin ial 2 a 
— —_ —60 - 105 
1 Vpp Supply Current, RAS cycling, CAS= Vjn, 70 ai = 95 | nt | fed 
DD3 | RAS-only Refresh tro=trc(min.) , 
Zz | 80 85 
Vpp Supply Current, RAS=Vj., Add i 3 [ 
ul urren = ress 
Inge: ee hia | -70 | — | 55 | mA | 1,25 
-Fast page mode cycling, tpc=tpc(min.) 
; is | —80 { = | 4 ces oe 
Vpp Supply Current, a ee 
I RAS=CAS=Vpp-—0.2V 
ips | CMOs Standby rs ai [L 
: Vpp Supply Current, RAS, CAS cycling oy 
CAS-Before-RAS Refresh trc=trc(min.) ise 
CAS=CRR cycling or 0.2V, 
WE=Vpp—0.2V, 
Add=Vpp~—90.2V or 0.2V 
Vpp Supply Current, VYO=Vpp-—0.2V or 02V or open, - 300 LA 1 
Ipp7 Battery Back up trc=125us, tras=tras(min.) 
~300ns ; 
Same as above Wee. 4G rr ioe 
| except tras=300ns~ lus : 
VoL | Output Low Voltage IoL=4.2mA a eed 0.4 | Vet 
| Von | Output High Voltage lou=—5mA | 24 - jj vi 
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HYS514100AL 4,194,304 1-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES : 3, 4, 5, 6 






























































































































































1 Random Read or Write Cycle Time a 130 = 150 = ns 
2| trwc | Read-Modify-Write Cycle Time — |.155 | - | 1890} - | as 
3| tre Fast Page Mode Cycle Time | 40 | = 45 = 55 a ns 
4 |_terwe Fast Page Mode Read-Modify-Write Cycle Time 70 = 85 — [ns | 
5 | trac Access Time from RAS = i 70 ee 80 ns ai 8, 13 
ie Lo + _| | + _| 
6] teac = Access Time from CAS 20 <7 20 | = i 25 | ns 8, 13 | 
7 |_taa | Access Time from Column Address = Z| 35 = 40 ns | 8, 13 i 
8 | tcpa Access Time from CAS Precharge a 40 = 50 ns 8 
rie ro eeaas | 
9| tciz CAS to Output in Low-Z 0 = 0 a | ms 8 
— + — + Te | 
10 | torr Output Buffer Turn-off Delay 0 fe 20 | 0 20 L ns 9 
11| tr Transition Time(Rise and Fall) 3 50 3 50 7 | 
ee ee J 
12 ‘b trp RAS Precharge Time 50 fe go ool 60 - ns ue 
13| tras | RAS Pulse Width 10K | 70 | 10K | 80 | 10K |_ns | 
a + 
er | trasp RAS Pulse Width(Fast Page Mode) 70 | 200K | 80 | 200K | _ns | 
15] tasx | RAS Hold Time {2% | - | |] - [os | 
16! tcsy | CAS Hold Time - | m| - 3 | — [as | 
rT == T + + 
Bae tcas 4 CAS Pulse Width 20 “4 10K | 25 10K ns 
18| trcp | RAS to CAS Delay Time 20 50 | 20 \35 [ms | 23 
es 7 
19| trap | RAS to Column Address Delay Time is | 35 | 45 T 40 [ns | 14 
i: == zs ae 7] 
| 20 | tcrp S to RAS Precharge Time 5 | amie 5 | ae ee ] 
21 | tcp CAS Precharge Time 10 = ee 10 ae ns | 
22 | tasr__| Row Address Set-up Time o| - 0 i - ns_| al 
23 | tran | Row Address Hold Time 10 Sra 10 L ~ jms | 
241 tasc Column Address Set-up Time 0 | arees | 0 | — fs | | 
25! tcaH Column Address Hold Time 15 of 15 ihe ie ns | 
26) tar ” Column Address Hold Time referenced to RAS SSoj oT [ 60 | - [ 1s | | 
27 | tra | Column Address to RAS Lead Time 35 meee | 40 aoe eae 
| 28 tres Read Command Set-up Time 0 a 0 es ns 
29 | trcu | Read Command Hold Time 0 - 0 ee le ns 10 | 
| 30 beers .| Read Command Hold Time referenced to RAS _ 0 {| — | ns 10 | 
31 lPparens Write Command Hold Time 15 - 15 a ns | 
32 | twcr | Write Command Hold Time referenced to RAS 55 _ 60 - ns 
33 | twe Write Command Pulse Width Bos 15 a 15 = ns 
34| trwi | Write Command to RAS Lead Time | 2 {| - {| 2 [| - | 2 | - [ns 
ea! tew. | Write Command to CAS Lead Time 20 - 20 =) 25 i = ns 
i | : 
36 | t Data Set-up Time . 0 - 0 = 0 - ns 11 
aca m Sra sees (amr? ea Uae 
37 | toy Data Hold Time 15 cea 15 - 15 = ns 11 
oe ta ; + + + ~ 4 =| 
38} tpyR Data Hold Time referenced to RAS 50 _ bt 55 -_ 60 - ns | 
—T 7 
[391 teer | Refresh Period =i) OR | = (| doe |) | toe” ane | | 
40) twos | Write © d Set-up Ti (Sie o| — | o| 12 
WCS ID Wnt e ommen Set-up Time | 1 a ns_| | 
411 tcwo | CAS to WE Delay Time 20 = 20 | ie 25 yee he ee 12 
a 4 4 
142! trwp peas to WE Delay Time Oui = 7m | - so | — | ns 12 
== + 4 
[43 tawp Column Address to WE Delay Time 30 - 35 [7 ia 40 lee ns | 12 _| 
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HYS14100AL 4,194,304 X 1-Bit CMOS DRAM 








[44 | tcsn__| CAS Setup Time(CAS Before RAS Cycle) | 10 | - | 10 | - | 10 | - | ns | 
[45 | tore | CAS Hold Time(CAS Before RAS Cycle) _|_ 1s | - | 20 | - | 30 | - | aos | 
146] tarc_[RAS to TAS Precharge Time | 0 | = | of = | 0 | = | os | 
|47| torr __| CAS Precharge Time(CBR Counter test eyele)| 30 | - | 35 | - | 40 | - | ms | 
ns _| 
ns 
[ns _| 
ns 









18 [tyre | Wate Command Setup Tine(Text Mode In) [10| = [10 | - | w | — | 
9 | tw | Write Command Hold Tine(Tex Mode Ia) [19 | - | 0 | = | | — | 
50] tne | WE to RAS Precharge TimeC CAR Cycle) [0 | - | | - | w | — | 
st [WE w Ras Hot Tine(CuRGele) [v0 | = [ao f= | | = 


twr 
AC CHARACTERISTICS IN TEST MODE nore 11 





a aie ed Wi rs as = Pas) = 
Read-Modify-Write Cycle Time 
54| tpc Fast Page Mode Cycle Time 
55 | tprwc | Fast Page Mode RMW Cycle Time 70 - 75 
56 Access Time from RAS = 65 = 
57 |_tcac Access Time form CAS 


58 | taa Access Time form Column Address _ 35 
59] tcpa Access Time from CAS Precharge - | 8 
co) teas | RAS Palse Wid fo [iC a |e [ 


trasp_| RAS Pulse Width(Fast Page Mode) 65 


162] trsy | RAS Hold Time 25 es 25 = = 30 ~ 
63| tcsy | CAS Hold Time — 65 - 15 - 85 - 
64 |_ teas CAS Pulse Width | 25 | 10K 25 | 10K 30 | 10K 
















































































[65 | tear_| Column Address to RAS Lead Time 3 | - | | - | 4 / - | ow | | 

So sea 1 GAS te We Dis es | 3] - | 2] - | 39] - | ow] 2 | 
| 67] tawo | RAS to WE Delay Time 6 | - | m= | - | 9 | - | os 
[68 tawp | Column Address to WE Dealy Time 35 ae 40 = 45 = ns 12 
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HYS514100AL 4,194,304 1-Bit CMOS DRAM 


NOTES : 

1. Ipp1, Ipp3: Ipp4@ Ippe: _Ipp7 depend on cycle rate. 

2. Ippi, Ipp4 depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 

a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

4. It depends on user whether column address is changed or not at least once while RAS=Vi, and CAS: =VIn- 

5. Only tras(max.)= Ips is applied to refresh of batlery-back up but tpAs(max.)=10us is applied to normal functional operating. 

6. AC measurements assume tt=Sns. 

7. Viy(min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy} and Vjyr. 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. torF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

10. Either tpcy or tpRyY must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

12. twcs, trwD: tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcos>twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tpwp>tRwp(min.). tewp>tcwp(min.) 
and tawp>tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out(at access time) is indeterminate. 

13. Operation within the tp¢p(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trpcp(max.) limit, then access time is controlled by tcac. 

14. Operation within the tpap(max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 

15. These specifications are applied to the test mode. 





CAPACITANCE 3 | 
(T,=0°C to 70°C, Voo=5V + 10%, f= 1MHz) 





ce PARAMETER 
Input Capacitance(Ao-Ajo, Din) 





Input Capacitance(RAS, CAS, WE) 








Output Capacitance(Dout) 
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TIMING DIAGRAM 
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READ-MODIFY-WRITE CYCLE 
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HY514100AL 4,194,304 1-Bit CMOS DRAM 


































































FAST PAGE MODE READ CYCLE 
<— trpii2)—r 
RAS . __ trasp(14) 
—§|_|_—— tes 16) ————_—__» << ——_tc(3; —_—_—» 
tcrP(20) tcas(i7) | 
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Dour cad 
Vo. —— 
FAST PAGE MODE EARLY WRITE CYCLE 
<— trP(i2) —p| 
RAS - = trasp(14)————____——_______-___» 
—— (SH) 
tcRP(20) <+——_trcoi18; —— | <— tcagy17) > 
——— 
ak Vi — 
CAS — 
: ‘ tasci2a) 
<+_——_ tarni26) —— + 
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HY514100AL 4,194,304 < 1-Bit CMOS DRAM 
SS SSE TN TSS 


. FAST PAGE MODE READ-MODIFY-WRITE 
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RAS-ONLY REFRESH CYCLE 
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HY514100AL 4,194,304 X 1-Bit CMOS DRAM 
a PA ET 


CAS-BEFORE-RAS REFRESH CYCLE 






<—_——_trPi2) ——_—_> 








= Vy — A$ t rasy3) ——_____—_ 
Vv 
oe 
V <?+—_—— tHR(45) ———p>- 
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NOTE : Ag-A1g= “H” or “L” 


twrp(so) 


HIDDEN REFRESH CYCLE (READ) 
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HY514100AL 4,194,304 1-Bit CMOS DRAM 





HIDDEN REFRESH CYCLE (WRITE) 
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HY514100AL 4,194,304 1-Bit CMOS DRAM__ 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





READ CYCLE a. = Fi 
RRR meneame URAL (27) —<<=rwneemp—pececeeipr | | LQFF(10) 


Daur Yor =o ae DX acoen 
mo TF TT a 
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WRITE CYCLE 
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HY514100AL 4,194,304 < 1-Bit CMOS DRAM 


TEST MODE IN CYCLE 
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Vit © trpcias)— > 
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— Vw = —— tcHR(45) 
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Vu — 
twTsi48) . 
Vu — _ At twrH(49) —— 
WE 
Vi — 
toFF(10) 
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Dout = HIGH-Z 
Vo. — 


NOTE : Dyn and Ag-A1o : “H” or “L” 





BLOCK DIAGRAM IN TEST MODE 
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Fig. 1 
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| HY514100AL 4,194,304 1-Bit CMOS DRAM 


TEST MODE 


The HY514100AL is a DRAM organized 
4,194,304 words by 1 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in 
parellel and retrieved the same way. Auor, Atoc 
and Ac are not used. If, upon reading, all bits 
are equal(all 1s or Os), the data output indicates 
1. If any of the bits differed, the data output pin 
indicates 0. The figure 1 shows the block diag- 
ram of HY514100AL. In Test Mode, 4MxX1 
DRAM can be tested as if it were a 512KX8 
DRAM. 


‘PACKAGE INFORMATION 


WE, CAS-Before-RAS Cycle(Test Mode In) 
puts the device into Test Mode. And CAS-Be- 
fore-RAS Refresh Cycle or RAS-Only Refresh 
Cycle puts it back into Normal Mode. In Test 
Mode, WE, CAS-Before-RAS Refresh Cycle 
performs the refresh operation with the internal 
refresh address counter. The Test Mode funtion 
reduces test time to one-eighth of normal 
in case of N test pattern. 


* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE-300 MIL 


| 


0.3380(8.5850) - 


0.3300(8.3820) 













0.2950(7.4930) —* 


0.3050(7.7470) 





is 











0.0200(0.5080) 
0.0160(0.4064) 









0.0320(0.8128) 
=— 0.0260(0.6604) 





0.1480(3.7590) 
0.1380(3.5050) 


0.6790( 17.2466) 
0.6710( 17.0434) 
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UNIT : INCH(mm) mas 
MIN 











H 
—p| + 

t 

I 


| 


__ 0:2740(6.9596) 
0.2600(6.6040) 


0.0075(0.1905) 


0.0098(0.2489) 


0.0400( 1.0160) 
0.0300(0.7620) 


HY514100AL 4,194,304 X 1-Bit CMOS DRAM 





* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL 

































MAX 
a | UNIT : INCHCmm) arte 
ae 82 
Eh oo 
¥oSsQa 
32 53 
oo o°0 
| 
OR Cs 
5 8 5 & 
0.020(0.508) F g g 5 
_ 0.014(0.356) 9) | 33 g 8 
a 0.050( 1.270) BSC | | = oe 
}—- BASE PLANE \4 


a 
— 





° 
a 


pe 


SEATING PLANE | lk: 0.023(0.584) 


0.679( 17.247) Sete 
0.017(0.432 


0.671( 17.043) 


0.050( 1.270) 
0.042( 1.067) 


0.000(0.000) f~ 


0.006(0.152) 


¢ 20 PIN ZIGZAG-IN-LINE PACKAGE— 400MIL 


«— 0.120(3.0480) 
0.112(2.8448) 








| 





| 
«t—— 0.356(9.0424) 
0.344(8.7376) 
0.120(3.0480) 


<<— 0.400(10.1600) MAX —» 


— 0.140(3.5560) 
0.520(13.2080) 





> 


<+——— 0.540(13.7160) ————-> 


<«- 0.024(0,6096) 





0.050( 1.2700) 
0.040( 1.0160) 


3 


0.016(0.4064) 


0.009(0.2286) 


| sells £ 
H 0.012(0.3048) 
— 0.100(2.5400) BSC 











1.036(26.3144) 


1.024( 26.0096) 
{1 
Ay gg A 9 Py a 5 | | 


tant E+] -} = 
Coe ee Le An 
2 C : 20 
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MEMO 





DESCRIPTION 


The HY514400 is the new generation dyna- 
mic RAM organized 1,048,576 words by 4 bits. 
The HY514400 utilizes HYUNDAI’s CMOS 
process technology as well as advanced circuit 
techniques to provide wide operating margins. 
Multiplexed address inputs permit the 
HY514400 to be packaged in a standard 20/26 
pin plastic SOJ. 

The package size provides high system bit 
densities and is compatible with widely avail- 
able automated testing and _ insertion 
equipment. System oriented feature include 
single power supply of 5V+ 10% tolerance, 
direct interfacing capability with high per- 
formance logic families such as Schottky TTL. 


BLOCK DIAGRAM 


YOo VO1 VO2 VOg 


ae ee 


COLUMN 
CLOCK 
GENERATOR 





COLUMN 
AQ O+ DECODER 


SENSE AMP 


REFRESH VO GATE 
COUNTER 


> 
a 
ADDRESS BUFFERS (10) 


RAS O————_+ 


SUBSTRATE 
BIAS 
x8 GENERATOR 
} © PARALLEL 
TEST : 





M1A1202A-JAN92 





FEATURES 


* Low power dissipation 
- Operating Current, 100ns : 75mA(max.) 
- TTL Standby Current : 2mA(max.) 
- CMOS Standby Current : 1mA(max.) 
* Read-Modify-Write Capability 
¢ RAS-only, Hidden, CAS-Before-RAS Refresh 
Capability 


_ © Common I/O capability 


¢ Fast Page mode and Test mode capability 
* 1024 refresh cycles/16 ms | 

* High reliability 300 mil 20/26 pin SOJ 

© Fast access time and cycle time(ns) 




















_ |HYY514400-70| HY514400-80| HY514400-10 
Max RAS Access 
4 70 80 100 
at : 
ime, TRAC | all | 
| Max CAS Access 
20 25 25 
Time, tcac 
Min Fast Page Mode 
50 50 60 
Cycle Time, tpc ea 
be 
[ Min Cycle Time, tre | 130 150 180 | 
































SOJ 
RAS ROW ADDRESS STROBE 
CAS COLUMN ADDRESS STROBE 
a T 
WE WRITE ENABLE 
OE OUTPUT ENABLE 





AgrAg ADDRESS INPUT 





VO9-/O3 | DATA INPUT/OUTPUT 
i 





Voo POWER (+ 5V ) 


Vsg | GROUND 
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HY514400 = 1,048,576 x 4-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 
ae 


. 
: 




















50 





DD 








| tos | Short Circuit Output Curent | S| mv 
| Pr | Power Dissipation | ww 
NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

RECOMMENDED OPERATING CONDITIONS . 

(Ta=0°C to 70°C) 








Vit Input Low Voltage 


NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS 
(Ts=0°C to 70°C, Voo=5V+ 10%, Vss=OV, unless otherwise noted.) 


SYMBOL | PARAMETER =———s«s|_«Ss TEST. CONDITIONS 
aa OV< Vin <6.5V, All other 
| Tur | Input Leakage Current(any input pin) ‘ 
pin not under test=Vss 
Output Leakage Current for Dour is disable, 
High Impedance State 0V< Vout £5.5V 














RAS, CAS, Address 


Vpp Supply Current, Operating : ; 
cycling, tac=trc(min.) 


Vpp Supply Currerit, ‘RAS cycling, CAS=Vin, 
— Refresh trc=trc(min.) 








Vpp Supply Current, RAS= Vj, Address 
Fast page mode cycling, tpc=tpc(min.) 





Vpp Supply Current, 
CMOS Standby 


Vpp Supply Current, RAS, CAS cycling 
CAS-Before-RAS Refresh trc=trc(min.) 











Output Low Voltage IoLp=4.2mA 
Output High Voltage Ion= —5mA 








NOTES : 
1. Ipp1 and Ippg4 depend on output loading, specified values are obtained with the output open. 
2. Ipp1, Ipp3: Ipp4 and Ipp¢ depend on cycle rate. 
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HY514400 1,048,576< 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C. Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES : 1, 2, 3 





SS 

[2 | tewe | Reed ModifyWrite Cyle Tine [as | - | | - ]os[ - | m]| | 

3 tee | Fat Page Made Cycle Tue soo | - | | - | | - [mw] | 
et Ti =| 














80 100 
25 25 
40 45 











epee 
it OCT ane acon a ee aes nel 
10 [om | On: ote Toma By 0 ao | | ano a0 oe fs 
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Transition Time(Rise and Fall) 
RAS Precharge Time 


arom RAS Pulse Width 
114] trasp | RAS Pulse Width(Fast Page Mode) 
trsH | RAS Hold Time 

i em |e How me Te a fe 
fis oan [RAS we OS Dey oj] s] =} stat 3 | 


119} trap | RAS to Column Address Delay Time 20 10 
[20] torr CAS to RAS Precharge Time al 10 
CAS Precharge Time 10 

















































Row Address Set-up Time 0 
123} tran | Row Address Hold Time 15 
i es mange ie oy = we 
see ae 
[26 | tan | 2 
































[em : Ta] 0 | 
far | wen [Wate Command Hold Time | as | — | is | - |] - pe] | 
[a2 wen |Wiite Command Hold Time rferenced wRAS| ss | - | @ [- | [| - [ms [| 
i 


35 Write Command to CAS Lead Time 
ees ———h 

| tou | Data Hold Time 

cee a = [te | = | te | ms | 
| twes [Write Command Setup Time | oo | ~ | oO | — | of = | os | 


CAS to WE Da Time 
a RAS to WE Delay Time 


Column Address to WE Delay Time _ 70}; - 80 = ns 
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wT we S- 
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Oo 
cere 
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S| 
Itt 
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Ij 
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HY514400 1,048,576 < 4-Bit CMOS DRAM 





Fr [a fs | 
fe eenceeesoe ee ere 
tour _| CAS Hold Time(CAS Before RAS Cycle) | 30 | - | 30] - | 30] - | ms | | 
niles [OOCpeene | et oe we eee 
47 | tcpr CAS ae Time(CBR Counter Test Cycle) | 4 {| - | |] - | sof - | ow | | 
[aos [RAS Ha Tne wes WOE we | | fw ff 
19 | tons | OF Acces Time a ee 


x [ie [SE bw dag fo 
| 


51 | toEz Output Buffer Turn-off Delay Time from OE | o | 2 | o| 2 


52| torn | OE Command Hold Time | 20 | - | 20) 


53 | twrs Write Command Set-up Time(Test Mode In) | - [| 10 | 
54] twry | Write Command Hold Time(Test Mode In) | - | 10 | 


a 
ae 
eon 
55| twrp | WE to RAS Precharge Time(CBR Cycle) | - | tof - | 
56| twrx | WE to RAS Hold Time(CBR Cycle) _ 10 | ro | - | 
57 | tcpwo | CAS Precharge to WE Delay 70 | 75 | — | 

Pada 


58 | truce | RAS Hold Time from CAS Precharge | 4a] - | 


























AC each cated IN THE TEST MODE NOTE: 11 








HYMS14400 


iw Ren Modi Wa Cel Ti Ecosse So ee a 










# |SYMBOL| fe PARAMETER 

































61 Fast Page Mode Cycle Time 35 = 55 
| 62 Fast Page Mode RMW Cycle Time 110 _ 120 - 130 - 
| 63 Access. Time from ae Ses = 75 = 85 —- | 105 
64 Access Time from CAS - 25 - 30 - 30 
65 Access Time from Column Address ans 40 45 





Access Time from CAS Precharge 50 Pee oe eae 
ems aS Pulse Wid er as [vo [ie Fe [os | 


200K 200K 200K 
105 


| ok | 30 | 10K | Poe 0 | fo 

tRAL Columut Address to RAS Lead Time Be Se 

es eee tee Webas s hea ae 
74 tawo [RAS to WE Dely Time i wos | pus | - [wo] - fm] es 

75 | tawp | Column Address to WE Delay Time | 7 | ~ | w{[- [| ss {| - |» | 8 | 


76 | toga | OE Access Time ~ 25 - 25 _ 30 
77 | tomb | OE to Data Delay 25 = 25 - 30 - ns 
[781 toen | OE Command Hold Time 2 | — 2 | 30 | - | ns 
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HY514400 1,048,576 4-Bit CMOS DRAM 
DD ee ga Aa NES ce a a Ba a Sa Bm aN a ti 


NOTES : 

1. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

2. AC measurements assume tr=Sns. 

3. Vay(min.) and Vy Cmax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy} and Vyy. 

4. Measured with a load equivalent to 2 TTL loads and 100pF. ; 

5. torr(max.) and tog¢z defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

6. Either tpcy or tRRH must be satisfied for a read cycle. 

7. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

8. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs 2 twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tpwp > trwp(min.), tcwp >tcwp(min.) 
and tawp > tawp(imin.) the cycle is a read-modify-write cycle and data out will contain data read from the selected ceil : If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

9. Operation within the tpc¢p(max.) limit insures that tpac(max.) can be met. tpacp(max.) is specified as a reference point only : If tpcp is greater than the specified 
tacp(max.) limit, then access time is controlled by tcac. 

10. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tRap(max.) i is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by tga. 
11. These specifications are applied to the test mode. 


CAPACITANCE | 
(T,=0°C to 70°C, Voo=5V+ 10%, f=1MHz) 














Input Capacitance(Ag-Ag, Data In) . 





Input Capaconce (RAS, CAS, WE, OE) 


ee 2) Output Capacianee(Data Oud pee ee 
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_ HY514400 1,048,576 X 4-Bit CMOS DRAM 


_ TIMING DIAGRAM 
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HY514400 1,048,576 4-Bit CMOS DRAM 


WRITE CYCLE(OE CONTROLLED WRITE) 


2) ———> 
_oummeeee Vy eae 
Vit —— 
0) ——p> 
CAS 
VC 





Pore NT TLDs IOC EE WOM 





taP(i2) 
t |<—_—_——_—p| 

RAS 

Vy — 

t tcrP(20) 

‘ trsH(15) +> 
pone Vin —— 
oS , am, 


Vito 





RAL (27) 


POP a Tk FEAOt Ses, WII 








tawoi43) <—- tcwi35) —> 
trRAD(19) 
<> <«<—___-—__—-Io —_—_—_—_ OO 
zz trwo(42) —————_—_________» || <q——-taweia4) 
as ViW tw 
WE anna VIL Ws 
“i T | TLL 
toearag) 
oe oi 
Vita toeD(50) mG 
<t—tCAc(6) > 
ae EZ(51) | los(36) 
y <?——____—- tracis) 
VvOR---— 
wmour ) LLL, 
ue Vivo. —— beisia Vx DATA OUT ‘a DATA IN U/L 
LZ(9) 
—_—> 


3-227 


HY514400 1,048,576 4-Bit CMOS DRAM 
SE AP TDI RPT SS PR A PE I RFE PIB 


FAST PAGE MODE READ CYCLE | 
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HY514400_ 1,048,576 < 4-Bit CMOS DRAM 
‘SR SP SP SSS TSA TP ATE NS 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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RAS-ONLY REFRESH CYCLE 


' 
—-HH ee tac) ——— —$ _———__——_——_ 


<a——_—- tk (12) —_—__», 
a Viqo 
RAS $$$ ____ trasy13) ———_________ 


tcrP(20) trecys) 
<> | <¢—p 


— Viq_ —— 
= y 


tasr(22}} | traH(23) 


<~ “TI = NO 


NOTE : OE and WE =“H” or “L” 
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HY514400 1,048,576 < 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 








tRRH(30) f twRPissy = rs, | 
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HIDDEN REFRESH CYCLE (WRITE) 









HY514400 = 1,048,576 x 4-Bit CMOS DRAM 
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HY514400 1,048,576 < 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





c = 





VO HIGH-Z 





READ-MODIFY-WRITE CYCLE teats I 


= = twAHse) = stra) <— trwi3s) 


V/OH 
vO —_{f) ea 4, 
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_ RAS 


HY514400 1,048,576 < 4-Bit CMOS DRAM 


TEST MODE IN CYCLE 


ces Vv 
cas. 
; Vit 





70 
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HY514400 = 1,048,576 X 4-Bit CMOS DRAM 
RSS GRE SE PATE SS STE US DI PTE TE ST A OSE CE RTSSICE 


TEST MODE 


The HY514400 is a DRAM organized 1,048, 
576 words by 4 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in parallel 
_and retrieved the same way. Aoc is not used. If, 
upon reading, two bits on one I/O are equal(all 
1s or Os), the I/O pin indicates 1. If they were 
not equal, the I/O pin indicates 0. The 
following figure shows the block diagram of 
HY514400. In Test Mode, 1MX4 DRAM 
can be tested as if it were a 512KX4 DRAM. 


FIG. 1 BLOCK DIAGRAM IN TEST MODE 


512K block 


512K 


512K block | 
block = | 
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G 
H 


WE, CAS-Before-RAS Refresh Cycle puts 
the device into Test Mode. And CAS-Before- 
RAS Refresh Cycle or RAS-Only-Refresh 
Cycle puts it back into Normal Mode. In Test 
Mode, WE, CAS-Before-RAS Refresh Cycle 
performs the refresh operation with the internal 
refresh address couter. The Test Mode function 
reduces test time to one-second in case of N test 


pattern. 





512K block a 





HY514400 1,048,576 < 4-Bit CMOS DRAM 


PACKAGE INFORMATION 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE-300 MIL 


MAX 
iT «INCH(mm) -——- 
UNI ICH(mm) aan 


a 








0.3380(8.5850) 
0.3300(8.3820) 


0.3050(7.7470) 
0.2950(7 4930) 





0.0200(0.5080) 
0.0160(0.4064) 





0.0320(0.8128) 
=— 0.0260(0.6604) 
















0.1440(3.6576) 
0.1340( 3.4036) 
ie 


0.6700( 17.2466) 


._.0.2740(6.9596) 
0.6710( 17.0434) 


0.2600( 6.6040) 


0.0075(0.1905) 
{ 


0.0008(0.2489) 


0.0400( 14.0160) _». 
0.0300(0.7620) 
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DESCRIPTION 


The HY514400A is a high speed and new 
generation 1,048,576 words by 4 bits CMOS 
dynamic random access memory, fabricated 
with the HYUNDAI CMOS process. The 
HY514400A offers a fast page mode operation, 
wide operating margins, and inherently high 
CMOS reliability. : 

All inputs and outputs are TTL compatible. 
Multiplexed address inputs permit the 
HY514400A to be packaged in a standard 
20/26 pin SOJ, TSOP, and 20 pin ZIP. 

HY514400A design is optimized for cache 
based mainframe, and microcomputers, 

graphics digital signal processing, and high 
- performance microprocessor systems. 


BLOCK DIAGRAM 


VOp YO. Oz 103 


ee ee 






COLUMN 
CLOCK 
GENERATOR 






AQo~ 
A; O- 2) 
Ag ol 
A3 O- g 
Ag oO 
Ag oO 
Oo REFRE 
fs o-] 8 CouniEn 
Ag OF & 0, FPP ETIITTTTTT 
o-] 9 
9.1 2 


RAS O——___.. 





SUBSTRATE 
BIAS 
GENERATOR 


x8 
PARALLEL 
TEST 


+O Vop 
*-O Vss 


PRELIMINARY 






FEATURES 


¢ Low power dissipation 
- Operating Current, 80ns : 90mA(max.) 
- TTL Standby Current : 2mA(max.) 
- CMOS Standby Current: 1mA(max.) 

¢ Read-Modify-Write Capability 

° RAS-only, Hidden, CAS-Before-RAS Refresh 
Capability 

* Common I/O Capability 

¢ Fast Page mode and Test mode Capability 

* Single 5V+ 10% power supply 

¢ 1024 refresh cycles/16 ms 

° High reliability 300 mil 20/26 pin SOJ, TSOP 
and 400mil 20 pin ZIP 

¢ Fast access time and cycle time(ns) 





E & : aso HY514400A-70 HY514400A-80 
Max RAS Access 












Time, trac 
Max CAS Access 
Time, tcac 
Min Fast Page Mode T i 
40 45 


Cycle Time, tpc 























Min Cycle Time, trc 

































PIN NAMES 
| RAS ROW ADDRESS STROBE 
CAS COLUMN ADDRESS STROBE 
WE | WRITE ENABLE | 
! OE _{ OUTPUT ENABLE 
AorAg | ADDRESS INPUT 
VYOo-VO3 | DATA INPUT/OUTPUT | 
Vop POWER(+5V) 
Vss GROUND 

















HY514400A 1,048,576 4-Bit CMOS DRAM 





ABSOLUTE eee RATINGS 


Anibiea edicts 0 to 70 





TstG Storage Temperature —55 to 150 
Vin» Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 
Vop Voltage on Vpp Relative to Vss —1.0 to 7.0 
Tos Short Circuit Output Current 50 
TSOLDER Soldering Temperature, Time 260, 10 











Pr | Power Dissipation 








NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
Sonvbes to ae ee 


SS aot Voltage. 











Input High Voltage 
Input Low Voltage 1.0 


NOTE : All voltages are reference to Vgs. 





DC CHARACTERISTICS 


(Ta=0°C to 70°C, Vop=5V+ ee Vss=OV, unless otherwise vidted: 











































































; : 0V<Vin <6.5V, All other 
Input Leakage Current(any input pin) ; - 
pin not under sest= Vs / 
lIto | au Output Leakage Current for Dout is disable, ‘is id 
= High Impedance State 0V<VoutT<5.5V 
acct ye 110 
RAS, CAS, Address : 
Ipp1 Vpp Supply Current, Operating A i 100 mA 1, 2, 4 
cycling, tpc=trc(inin.) a 
Ippz | Vpp Supply Current, TTL Standby | RAS=CAS=Vin 2 | m {| 
; Vpp Supply Current, RAS cycling, CAS= Vin, = | = | uo | 
Ipp3 —_—- F —70 = 100 mA 1, 4 
RAS-only Refresh trc=trc(min.) 
—80 90 
> he secameie t RAS=Vi1, Add =~ 2 
DD Supply Curren = VIL, ress 
Ips aes mA | 1,2,4 
Fast page mode cycling, tec=tpc(min.) ro | - | 50 | 








Vpp Supply Curren 
Ipps pennies a i RAS= CAS= Vpp—0.2V 

CMOS Standby 

Vpp Supply Current, RAS, CAS cycling eee 
I sesh ses 
re CAS-Before-RAS Refresh tro=trc(min.) See” 


VoL Output Low Voltage lot =4.2mA 


| Vou | Output High Voltage lon= —SmA Se 
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HY514400A 1,048,576 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, 5 

























































































































































































ee eer 
| 2| tawe | ere Te Cycle Time 
3| tpe Fast Page Mode Cycle Time 
Fast Page Mode RMW Cycle Time | 
5 | trac Access Time from RAS 7, 12 As 
6} tcac Access Time From CAS 7, 12 
ale taa Access Time from Column Address zi 7, 12 
8 | tcpa Access Time from CAS Precharge 7 
9| tciz | CAS to Output in Low-Z 7 
10] torr Output Buffer Turn-off Delay 8 
11] tr Transition Time(Rise and Fall) 6 
ol ee RAS Precharge Time 
13 | tras RAS Pulse Width | 
14| trasp | RAS Pulse Width(Fast Page Mode) | 
rs |_ trsp | RAS Hold Time 
md tcsh_ | CAS Hold Time 
17 | tcas CAS Pulse Width 
18 | trcp RAS to CAS Delay Time 12 H 
19 | traD RAS to Column Address Delay Time 13 
20| tcre | CAS to RAS Precharge Time 7 
CAS Precharge Time 
22)! tase Row Address Set-up Time | 
23) tran Row Address Hold Time 
241] tasc Column Address Set-up Time 
25 | tcaH Column Address Hold Time a 
26| tar Column Address Hold Time referenced to RAS | 
27 | traL Column Address to RAS Lead Time 
28 | tres Read Command Set-up Time 
29 Read Command Hold Time 9 
trru {Read Command Hold Time referenced to RAS 9 7 
ees _[ waite Command Hold Time 
32 oe EN ee ns 
twp Write Command Pulse Width 15 - 15 —- 15 ns 
trwL | Write Command to RAS Lead Time 20 a 20 - 25 ns 
ene Write Command to CAS Lead Time 0 [| - | w[ - [ 25 [as 
36 | tps Data Set-up Time 0 - 0 = 0 ns 10 
ton _| Data Hold Time is | - | 15 [_ 45 + ns 10 
tpHR Data Hold Time referenced to RAS 50 ors ‘ 55 an Ba 60 te 4 ns 
- +— + 
|39| trer | Refresh Period ee oe 1 | - a) ms 
| 40 | twcs Write Command Set-up Time 0 - 7] us oe ac 0 ns | 11 
4l CAS to WE Delay Time eee | 3s Al =r Sr ue 
RAS to WE Delay Time Ge hao f= 110 i =r theca Aad | 
Column Address to WE Delay Time 60 |. - iz 65 a =. 70 jo ap ms 11 _| 











HY514400A 1,048,576 X 4-Bit CMOS DRAM 





[MAK | MN [ MAX, [1 

SO ee eee eee ete ee ee 

[4s | team | GAS Hold Time(CAS Before RAS Gye) [15 | - | | - |» | - | m] 

6[ te [RASW TAT Psion ie Te | = | of = | of = Pw | 

47 tort [EAS Prechange Time(CBRCouaterTea Gee] 20 | - | as | - | | - | m] | 

Sitar ow ii tna en [ of af ef |e ew | 
op - |» 





















toEH OE Command Hold Time 











53 Write Command Set-up Time(Test Mode In) 
54 Write Command Hold Time(Test Mode In) an 
55 WE to RAS Precharge Time (CBR Cycle ) 














56| twry | WE to RAS Hold Time( CBR Cycle ) 








AC CHARACTERISTICS IN THE TEST MODE Note : 14 


Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time 
Fast Page Mode Cycle Time 

Fast Page Mode RMW Cycle Time. 
> _| Access Time from RAS 

62) tcac Access Time from CAS: 



































| 63 taa Access Time from Column Address 
| 64 tcpa Access Time from CAS Precharge 
| 65] tras | RAS Pulse Width 
66 trasp | RAS Pulse Width(Fast Page Mode) 
be | trsx | RAS Hold Time 
68| tcsy | CAS Hold Time 
69| tcas | CAS Pulse Width 
70 | trav Column biscotti to nas Lead Time 


Ec OT 
[3 [ tao [Gi tine Baye [oe | =m | = ae ha 


torp | OE to Data Delay 25 = 25 iz 
torn | OE Command Hold Time 3 {| - | =| - | 2} - 







































































HY514400A 1,048,576 4-Bit CMOS DRAM 


NOTES : 


1 


-Iccn Ices, Icc4 Icce Icc7 depend on cycle rate. 
2. 


Icc1, Icc4 depend on output loading. Specified values are obtained with the output open. 


3. An initial pause of f 200s i is required after power-up followed by 8 RAS \S cycles before proper device operation is achieved. In case cof using internal refresh counter, 


CAOrNaANnS 


12, 


13. 


14, 


a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 


. It depends on user whether column address is changed or not at least once while RAS=Vy,, and CAS=Vyy. 


AC measurements assume ty=Sns. 


. VyH(min.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy and Vyz. 
. Measured with a load equivalent to 2 TTL loads and 100pF. 

. (ofr (max.) and tofF7 define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

. Either tacy or tpRH must be satisfied for a read cycle. 

. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

11. 


twcs: (RWD: tCwD and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twos >twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tpwp > trwp(min.), tcwp > tcwp(min.) 
and tawp > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

Operation within the tp¢p(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by taa: 

These specifications are applied to the test mode. 


CAPACITANCE . 
es 0°C to 70°C, Vov=5V+ 10%, f=1MHz) 




















SYMBOL _ : : PARAMETER _ 
Cm “thoi Caatneae , Data In) 
Cin2 Input Capacitance(RAS, CAS, WE, OE) 
Cout Output Capacitance(Data Out) 
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HY514400A = 1,048,576 4-Bit CMOS DRAM 


TIMING DIAGRAM 


READ CYCLE 
Aegis 
<t— 1 P(12) —_—»> 
Rags YH 
Vil 
: <a... [CAP (20) ae 
—— VW— 
cas 
vit —— 





ods TTR JO SE WI 


TL 


<—__—_—_ tron) ——_> 





[goss eae 
tos(36) 


( VALIDDATAIN f} 
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HY514400A 1,048,576 < 4-Bit CMOS DRAM 


WRITE CYCLE(OE CONTROLLED WRITE) 











oezen = | tosia6) | | tonya7) 


yo Wo + DEE HOC St KUL 


| —Icacie) > 


CLZ(9) 
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HY514400A = 1,048,576 < 4-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 





trea) 
RAS ViH <?—__—— tani26) ———_» 
Vii 
{PC(3) ——_———» 
tcrP(20) Poe 
<-> ih 
— VIH — 





CAS Pinus << teasi7) > <q— tasy17) p> 
Vit traH(23) 
oe 
pene bya ai tasc(24) seal 

















+p! 
ey eee OED XL XD MILD 
tacsi2s) 4 tacsiee) | tacsi2s) 
WES ee wale 
oe YH 






tcaci6) 
+> 
tcrz9) 


tcacie) 





tezi9) 


vO VoH —— 
VoL 


FAST PAGE MODE WRITE CYCLE 


treci2) 
tRASP(14) ——A $$$ $$ | |<» 




















DAG Vin - 
RAS i «<4 tar(26) ————» 
i= 
«<4 tPc(3) ——_——+> 
topP(20) << trstis)— |, tonP20) 
ja-m| |<«a— tacos) tor (ot) +> 
CAS ViH \\ <— tcas17) > << —tcast17) > << tca8(17) 
Ve = 
tcsHi16) 
traH23) | tRAL(27) ——p 
tasri22) tasci24) tne ee posal oo paid 
—r| la |—r| i 





RON Se DDO LS UM, CED UN), OD 












StL a, Heme] tt etme! 
twes(40) tweH(31) twoH(31) twcHi31} 
We — Lt LLL LL ot 0 ALLL LLL LLL 
twer(32) 
toEH(s2) L toeHts2) toeH(s2) 
OF sg gee MAA TZ) | NZL 
| te rast fh ton137) na tosise)} | tous) toxi36) | | toH(37) ; 














Vin 


/O 
Vil —— 


LMR om LT sai) MMM LL, 


Y, 
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HY514400A_= 1,048,576 X 4-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 








== Sr t 
RASP(14) 
RAS { tapi) 
vit ~— a 
<<? IcsHi16). > 
tres) <—___—__- tr'sHi(15) ———_—__» 
<<—tRCD(18) > <a—P} top(21) + tonP(20) 
ae ee 
CAS 1K trRani19) \\- tcas(17) ———» <a—_ toasi7) ——> <—tersin—e 
Vi <r. ; 
: tRAH(23) \ : 
tasri22} aaa tcaHi2s) Toawiasy pence tcaHi2s) ree 
22) | | tascioay tasc(24) Pare gee 
<« |< | —p> | |< |<»! 





roms —TIMENN 3 KIN NLL 85 KUL 


<a— tewnat) —> 






tawp(423———_ «<. tcpwo———_» 


<4: 
tnesize) tcw1(35) towii3s) 


“ >| <t— tewoa1;— 


we ML 
Vii <a} tawras) > : 
: tana | twe G3) 
toEai49) 











tawp(43) — 











twer33) 
gee, 
= ViHo 
OE 
vil 
toeEzis1) 
tosi36) 
~< tracis) toH(37) 
<>] 
ViioH —— 
VO ‘ {» } 
Vyo. ——— 
terzi9) teiz¢9) teiz19) 
aoe 3 << —} |< —ry |< 


RAS-ONLY REFRESH CYCLE 


+ te) 


<———_- tre(12) ——_—_—-» 


—— Vip —— 
RAS $$ ———_$_$____—_—__tirarsit) 
Vito 
tcrp(20) 
—— ViH 
CAS 
Vit 
: : VIH 
Ao-Ag 


Vit 


i 


NOTE : OF and WE ="H” or “L” 
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HY514400A_= 1,048,576 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 


<4 trrp(12)_—_—_» <—— tr? 12) p> 


a 2h va — WT. 


twrPiss) | | twrH(se) 


= “~~ WI 


Vo 
(/0 : HIGH-Z 
Vo : 





HY514400A 1,048,576 < 4-Bit CMOS DRAM _— 


HIDDEN REFRESH CYCLE (WRITE) 





eo ss — VMI 
a ccc ccc 





HY514400A 1,048,576 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 








Ww 


vo HIGH-Z 
| | 


twaPriss) 








twaHyse) 
«I 41 


e “TW i 


| —— tan) — 
t 


t 
: Pest 
WOH 
‘i ES 
Wot—— /] 2 ¢), DATA IN y 


HY514400A = 1,048,576 X 4-Bit CMOS DRAM 
<A SS SO SSP SAE SS I SIS 








TEST MODE 

The HY514400A is a DRAM organized WE, CAS-Before-RAS Refresh Cycle puts the 
1,048,576 words by 4 bits and it is internally device into Test Mode. And CAS-Before-RAS 
organized 524,288 words by 8 bits. In Test Refresh Cycle or RAS-Only Refresh Cycle puts 
Mode, data are written into 8 sectors in parallel - it back into Normal Mode. In Test Mode, WE, 
and retrieved the same way. Aoc is not used. If, CAS-Before-RAS Refresh Cycle performs the 
upon reading, the 8 bits are equal(all 1s or Os), refresh operation with the internal refresh 
the I/O pin indicates 1. If they were not equal, address couter. The Test Mode function 
the I/O pin indicates 0. The following figure reduces test time to one-second in case of N test 
shows the block diagram of HY514400A. In Test pattern. 


Mode, 1M X4 DRAM cab be tested as if it were 
a 512K X8 DRAM. 





BLOCK DIAGRAM IN TEST MODE 


O 
512K block [7 _ 0: 
A 
. 
512K block = ~*~ 


512K block 
512K block{  “—_~——+ 














A-H =: ; Vpp 
hoc E Normal ’ 
Normal a0 512K block 3 ga . 
Q__O 512K block ee ew 
Test - 
Normal 
Vop 
O 
: aes G Normal 
None QO 512K block = 
V0 3-0 Yoo “tet PLS 
a Vss t 
ee a 512K block |-_ 
H 
Normal 
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HY514400A 1,048,576X4-Bit CMOS DRAM 





PACKAGE INFORMATION 


* 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 


UNIT = INCH(mm) le 
MIN 


0.3380(8.5850) __.| 
0.3300(8.3820) : 











0.3050(7.7470) 


*— 0.2950(7.4930) 





E 


0.0200(0.5080) 
0.0160( 0.4064) 


0.0320(0.8128) 
= 0.0260(0.6604) 






0.1480(3.7590) 
0.1380(3.5050) 








t : § __ 02740(6.9596) o. 
Ss I 0.26006 6040) | ex) 

KR er © 

Be af 

i“ ge 

36 


| 


—  0.370(9.398) —— 
0.362(9.195) 


MAX 
UNIT : INCH(mm) —— 
MIN 





0.304(7.722) 
— 0.296(7.518) ——> 





0.020(0.508) 
0.014(0.356) 
C: =] |— 


0.050(1.270) : 
0.042( 1.067) 





0.0083(0.210) 
0.0047(0.120) 


0.050( 1.270)BS 










-_ 


; 
; 






3! tt seaTING PLANE Ai 
a 0.679( 17.247) My es 4! | cozacoses) ose 
Ng 0.671( 17.043) 8 8 0.017(0.432) 

8 Ss 

= as 
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HY514400A = 1,048,576 < 4-Bit CMOS DRAM 





¢ 20 PIN ZIGZAG-IN-LINE PACKAGE— 400MIL 


«_ 0.120(3.0480) 
0.112(2,8448) 













| { 

SLU e oo 

| 8 3R Co 

1 Soo $8 
| { oR) 


t 








88 
NS —_—__!. 
<_ 0.024(0.6096) rag 3S aillac 
1 0.012(0.3048) 
0.016(0.4064) | | 3 3 | 0.009(0.2286) 
— ~— 0.100(2.5400) BSC 


1.036(26.3144) 
1.024( 26.0096) 
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MEMO 





DESCRIPTION 


The HY514400AL is a high speed, low power 
1,048,576 words by 4 bits CMOS dynamic 
random access memory, fabricated with the 
HYUNDAI CMOS process. The HY514400AL 
offers a fast page mode operation, wide operating 
margins, and inherently high CMOS reliability. 

All inputs and outputs are TTL compatible. 
Multiplexed address inputs permit the 
HYS14400AL _ to be packaged in a standard 
20/26 pin SOJ, TSOP, and 20 pin ZIP. 

HY514400AL design is optimized for cache 
based mainframe, and microcomputers, 
graphics digital signal processing, and high 
performance microprocessor systems. 


BLOCK DIAGRAM 


YO VO1 VO2 V3 


|e Oe iar 
| >a] 
















|. gaa | N 
|. gaa | 


DATA OUT 
BUFFER 


WE © 
CAS © 


COLUMN 
CLOCK 
GENERATOR 


COLUMN 
PREDECODER 
(10) 







cd 













REFRESH 
COUNTER 


—« 
ROW MEMORY 
DECODER i ARRAY 


ADDRESS BUFFERS (10) 









SUBSTRATE 
Vv 
BIAS © VoD 
or GENERATOR +0 Vss 
PARALLEL 
TEST 





‘| Min Fast Page Mode 


PRELIMINARY 


M1J1200A-MAR92 
FEATURES 
¢ Low power dissipation 
- Operating Current, 80ns =: 90mA(max.) 
- TTL Standby Current : 2mA(max.) 
- CMOS Standby Current +: 200uA(max.) 


- Battery Back Up Current : 300uA(max.) 

¢ Read-Modify-Write Capability 

* RAS-only, Hidden, CAS-Before-RAS Refresh 
Capability 

¢ Common I/O Capability 

* Fast Page mode and Test mode Capability 

* Single 5V+ 10% power supply | 

* 1024 refresh cycles/128 ms 

* High reliability 300 mil 20/26 pin SOJ, TSOP 
and 400mil 20 pin ZIP 

* Fast access time and cycle time(ns) 


Max RAS Access 
Time, trac 

Max CAS Access 
Time, tcac _| | 





Cycle Time, tpc =i 
Min Cycle Time, trc L 120 _| 130 150 




















PIN CONNECTIONS 






PIN NAMES 


RAS ROW ADDRESS STROBE’ 
TAS | COLUMN ADDRESS STROBE 
WE | WRITE ENABLE 
OE | OUTPUT ENABLE 
AgAg | ADDRESS INPUT 
VOg-/O3 [ DATA INPUT/OUTPUT 
Vpp POWER(+5V) 
Vsg GROUND 



































HYS14400AL = 1,048,576 4-Bit CMOS DRAM 

























Te 


[tos dt Cit Gupet Carent —— 
[—Tuorpen | Soldering Temperature Tine TO 


NOTE: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) : 











Supply Voltage 
Input High Voltage 
Input Low Voltage 











NOTE : All voltages are reference to Vgs. 


DC CHARACTERISTICS 
(Ta=0°C to 70°C Vpp=5V+ 10%, Vss 





=0V, unless otherwise noted.) 





OV<Vin<6.5V, All other 


| Iu! | Input Leakage Current(any input pin)| . 
pin not under test=Vss 


I Teo | Output Leakage Current for Dour is disable, ik 
LO 
High Impedance State _ | OV<Vout<5.5V 





























[— 
RAS, CAS, Address 
Ipp1 Vpp Supply Current, Operating ; be 
cycling, tpc=trc(min.) 
L i 
| Ipp2 Vpp Supply Current, TTL Standby 
i Vpp Supply Current, RAS cycling, CAS=Vin, =. 
D pei . 
si RAS-only Refresh trc=trc(min.) 90 | 
b= 
=a 
, Vpp Supply Current, RAS=Vj,, Address To | 
: ne Fast page mode cycling, tpc=tpc(min.) 


0 
[Von Supply Current, tees: ee 
I RAS=CAS=Vpp-—0.2V 200 
PP* | CMOS Standby A<TSevemew | | - | mlm || 


Vpp Supply Current, RAS, CAS cycling | -o | - | 0 | 
Ipp6 . CAS-Before-RAS Refresh trc=trc(min.) | -70 | = | 100 | mA 


CAS=CRBR cycling or 0.2V, 
2 OE=WE=Vpp—0.2V, ; 
Add=Vpp~—0.2V or 0.2V, 
Vpp Supply Current, VYO=Vpp—0.2V or 0.2V or ope 300 pA 
Ipp7 Battery Back up. trc=125us, tras=tras(min.) 
~300ns 


Same as above 
| ee ee 
Vor _| Output Low Voltage Ho=aand = 6) eS ee ve 
Vou | Output High Voltage How=-SmA | tte | = Tv 
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HY514400AL = 1,048,576X 4-Bit CMOS DRAM 














AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, 5, 6 








TERE OCR eT RECT 





























































































































































































| 2| tawe | Read-Modify-Write Cycle Time ris p= pes [= ao | - | ns 
| 3| tec _| Fast Page Mode Cycle Time (eee ee ee 
| 4| trrwe | Fast Page Mode RMW Cycle Time aCe = ais | Sg 
I trac | Access Time from RAS = CL Ie = 80 ns | 8, 13 
>t 
Access Time From CAS = 20 fa 25 ns | 8, 13 
—|— 
ae Access Time from Column Address - 35 | = 40 ns 8, 13 : 
8] tcpa Access Time from CAS Precharge - 40 ae | 50 {_ns a 8 
CAS to Output in Low-Z 0 = a Oe fo sil as | 8 
Output Buffer Turn-off Delay 0 0 | 20 o | 2 | ns 9 | 
me 
| Transition Time(Rise and Fall) 3 50 | a 50 1 3 50 ns [ 7 a 
|12| trp | RAS Precharge Time | so] - | o | - | os | 
[| tas |_ tras RAS Pulse Width 70 t 10K 80 10K | ns 
14] trasp | RAS Pulse Width(Fast Page Mode) 70 | 200K | 80 | 200K [as [ 
eT aio : [See [it obs. 7 
15] trsy RAS Hold Time a | 25 |_ns | il 
CAS Hold Time a | 70 | Fit 80 - ns | | 
CAS Pulse Width 20 7 10K 25 [ 10K [ns 
18| trcp | RAS to CAS Delay Time 2 | ss | 20[ 55 | ns 13 
—— ‘fi 
el trap RAS to Column Address Delay Time 15 [ 35 is 15 40 4 ns al 14 
20) tcrp CAS to RAS Precharge Time 5 1 _ | 5 ee 4 
211 tcp CAS Precharge Time 10 | ies 10 Ei ns is 
tasr Row Address Set-up Time 0 ea 0 - ns 
Ei tRAH Row Address Hold Time 0 +. ~ | 10 { = | ns | 
24) tasc Column Address Set-up Time 0 _ 0 - ns 
a a 
25] tcan | Column Address Hold Time 5] - is | — | ns if i 
Ts — 
‘AR Column Address Hold Time referenced to RAS 55 a5 _ 60 _ ns | 
tRAL Column Address to RAS Lead Time 35 ie ae 40 qT = ns 
281 trcs | Read Command Set-up Time 0 | = ie Gr el ns_{ 
29 Read Command Hold Time of aa 0 i - | as | 0 al 
30 | trrH Read Command Hold Time referenced to RAS 0 _ 0 EB _ ns | 10 
tT 
31 | twcn | Write Command Hold Time 15 foils ee a 15 es a ns 
zs 
twcr {Write Command Hold Time referenced to RAS 55 - | 6 = ns 
33 | twr | Write Command Pulse Width EG ote oe ele eens eS 
34 Write Command to RAS Lead Time | 2 {| - | 2 = 25 _ ns 
Write Command to CAS Lead Time | = 20 _ 25 a ns 
[36 | tps | Data Setup Time - Se ee Es ee 
|37| ton | Data Hold Time re ae ee ee ee 
138] ton | Data Hold Time referenced to RAS 50 me 55 al see | oo | 7 ns ae | 
Refresh Period =| tz | = | uae | = | a8 {ms 
twcs Write Command Set-up Time 0 - 0 0 iy ities ns 12 | 
=== — 1g i + + 
4 CAS to WE Delay Time so | - | so | - | 55] - fee 12 
— — =i 
RAS to WE Delay Time 0 |) 0 |e a0 eh ee | 
Column Address to WE Delay Time 60 = 65 a 70 a = EE ns olf 12 | 
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HY514400AL 1,048,576 X 4-Bit CMOS DRAM 
























#|SYMBOL, ==———PARAMETER 


‘| 44| tcsr | CAS Set-up Time(CAS Before RAS Cycle) 
tcur _| CAS Hold Time(CAS Before RAS Cycle) 








trec RAS to CAS Precharge Time 
| tcor _|CAS Precharge Time(CBR Counter Test Cycle)|_ 30 | - 
RAS Hold Time referenced to OE | 10 | 

49| toca OE Access Time 
50| toed OE:to Data Delay 


51] toez Output Buffer Turn-off Delay Time from OE 
| 52| tor OE Command Hold Time 


53) twrs | Write Command Set-up Time(Test Mode In) 






































| 54 | tw | Write Command Hold Time(Test Mode In) 











| 55 | twrp__| WE to RAS Precharge Time(CBR Cycle) 
56 | twrH Zt WE to RAS Hold Time(CBR Cycle) 




















AC CHARACTERISTICS IN THE TEST MODE Note: 1s 


# |SYMBOL|. PARAMETER 








| 57 tre Random Read or Write Cycle Time | 

58] trwe Read-Modify-Write Cycle Time 

[59 | tec Fast Page Mode Cycle Time 

60 | tprwc | Fast Page Mode RMW Cycle Time 

a trac Access Time from RAS 

Pane Access Time from CAS 

| tas Access Time from Column Address 

naan tcpa | aes Time from CAS Precharge 
65 |_ tras | RAS Pulse Width 

66 | trasp | RAS Pulse Width(Fast Page Mode) 


S | trsu | RAS Hold Time 


7 
68 CAS Hold Time 
9 


t 
tcsH 
6 tcas CAS Pulse Width 


70! tray Column Address to RAS Lead Time 


a 


71] tcwo | CAS to WE Delay Time 


RAS to WE Delay Time [| = [is] 
tawp 


73 WE 





‘ 

















Agel 


















































+ 

















Column Address to WE Delay Time 


74) toga OE Access Time 


75| tozp | OE to Data Delay 
76| tozn | OE Command Hold Time oe i 2 | 2 | — | ns | 


| 
fom) 
| ; 
— 
wn Mil n n 
=} 
an 
a 
N 
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HY514400AL 1,048,576 X 4-Bit CMOS DRAM 
SSI DEEP PE GS SA TPS TN SIT 


NOTES : 

1. Icc1 Iec3, Icca Icce: Icc7 depend on cycle rate. 

2. Icc1, Icc4 depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200ys is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 

a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

4. It depends on user whether column address is changed or not at least once while RAS=Vy,_ and CAS=Vjj44. 

5. Only tras(max.)= ys is applied to refresh of battery back up but tpag(max.)=10ys is applied to normal functional operating. 

6. AC measurements assume ty=5ns. 

7. Vry(min.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyy and Vy], 
8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. torr(max.) and togz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

10. Either tpcy or tpRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

12. twos, tRWD: (cw and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs > twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tawp > trwp(min.), tewp > tewp(inin.) 
and tawp > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tacp(max.) limit insures that tp ac(max.) can be met. tacp(max.) is specified as a reference point only : If tacp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. , 

14, Operation within the tpap(max.) limit insures that tp ac(max.) can be met. trap (max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta,. 

15. These specifications are applied to the test mode. 





CAPACITANCE 
_ (Ta= 0°C to 70°C, Von=5V+ 10%, f=1MHz) 























SYMBOL | PARAMETE : 2 | INP | MAX) [UNIT 
Cini Input Capacitance(Ag-Ag, Data In) - 5 pF 
Cin2 Input Capacitance(RAS, CAS, WE, OE) ~ 7 pF 
Cout . Output Capacitance(Data Out) — 7 pF 
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HY514400AL 1,048,576 X 4-Bit CMOS DRAM 


TIMING DIAGRAM 


- READ CYCLE 


Vit 


CAS Vi 


Ver" 





com TTT ak KD = 


taRH(30) ls| je 


we IL ) ca] | NU 





—_——__| 





CAS 





OO ne PD) EM 








WE 







VILL 


L(34) 


DS(36) 


1 VALIDDATAIN 
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HY514400AL 1,048,576 4-Bit CMOS DRAM 


WRITE CYCLE(OQE CONTROLLED WRITE) 











we ae ae N= ITT 
yo Yo Seats era UMMM 


Vivo. — tele) 
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HY514400AL 1,048,576 4-Bit CMOS DRAM 


FAST PAGE MODE READ CYCLE 





<q 

pore Vin —-—— 
RAS IH «< tar(26) > 

_ vit 

tec(3) ———_——» 
tcrP(20) top(2n 
Q—p | |< taco) 
77-5 Vi 
CAS 
Vit traH(23) 


tasr(22) | tcaH(25) sie 
<4 |< 





hohe GCE DO SM, 
asrpeaet i 


‘tacs(28) 
ee ML 
Vit 
| ~~ taai7)—> 
toeaiasy 





OE Viq —— 
Vie 
toacie 

=e 


teiz9) |< 
YO YoH —— 


VoL ———— 


FAST PAGE MODE WRITE CYCLE 








trpii2) 
trase.4) — $$$ $$$» |_ ] <¢—__» 





tcRP(20) 















<t—trsHi15)—> 


<e— tcAsi17) —p»> 


waned 








trcsi2s) trcs(28) 











tRRH(30) |< 





tAA7) —pe 
tcpa(s)——>! 
toear49) 












tcacie) 
<--> 
tcizi9) 


tcacie) 
<P 
terz9) 















trPit2) 
<4 traspy14) ———__—_—____________________—_»|_ [<-> 
RAS IH « tari2e) ————»> 
vil —— 
a tec(3) ——_ 
- tcrri2o <—trstis;—p | toRP(20) 
jae | |— trcoi:s) <a—tcP (21) | <P 
CAS VIH AS : << —1c48(17) > teas) 
Vii 
tesHi16) 
traHi23) | tRAL(27) ——» 
tasr(22) tasex2a) tc oe) ae eal | Pisin 
_ -_)- > <¢ 








won — TPE KEES YOON SE, KI SE KI 





tans) | 

_—_——_»> tow1135) ——> <i 

~«< CWL(35) twos) 
pith Ae 

twesi4o) tweH31) 


tw (33-— VY /, p. 


twer(g2) 


ee LLL LD 
oY WD 


<—___—~— tDHR(38) 


MMMM, 


OED (SO) 






tou1a7) tosi36) 


VALID 
DATA IN 





Vi 


Vo 


YO 


MUU: 


x 
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* twesyao) tewi35) Lil 
=e 





1, / 











a MM 


HY514400AL 1,048,576 < 4-Bit CMOS DRAM 


SL SN SE EI EN EI TE I ST I TT I TIT 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


as Vin 





trasp(14) —————________________________, 
RAS <«— tren) 
Vii — <> 
A —_—§@£— tcsni16, —————_»> 
<«—__—_—~- -trrwe4) << trsH(1s) ———_—_» 
«—trcn(1a) >| | teria) ; }<t— tcrPi20) 
paar Vino —» <« —-> 
CAS yi trang) <a— tcas(17) ——> <+— Icasirz) teasun 
Vit _ «Pp 
tRaH(23) ! t 
4—- tcaHi2s tasci24 menen 
tasri22) toani2s) tasc(24) io canes) 
tasci24) +p] <—— 
—pP | |< | — > | ij |<»! 





wom ™ —TIMENN 5 NIX NLL KI 


| <a— tewn(a1) —» 
trwora2y 




















« tcpwo > 


<«: 
trcs(2s) tewt35) tcwii35) 


>| <t— towo(a1) > 


WE — HM Ciias ioe 





tenn | tw G3) twers3) 
Precddry 
toEa4g) 
__ Vino 
OE 
Vit —— 
toEz(s1) 
tosi36) 
< tracis) t 
DH(37) 
<-> 
VyoH —— 
/O 
Vyor —— 
tcrz9) tozi9) tcizi9) 
—_—_> _ —r} (< iat On to 





RAS-ONLY REFRESH CYCLE 


<——— trp(i2z) —_—_» 


















x * I NOOO 


NOTE : OE and WE =“H" or “L” 
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HYS514400AL 1,048,576 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH CYCLE 


<4——_ tr P(12) —__—_» <q—— trpri2) —p 
trecie) 


teria) 
CSR(44) 


twrariss) | | twrHise) 


= Tn ~~ ooo 





om “— TENN BX 


. thee mig is fs oe 
we a) W/ 
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HY514400AL 1,048,576 4-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE (WRITE) 





8 = 
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HY514400AL 1,048,576 < 4-Bit CMOS DRAM 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 








crn error 


Vo HIGH-Z 
| 


READ-MODIFY-WRITE CYCLE 


twrPiss) 


= “WI Way = mmm 


<+—_—— taa(7) —> 





enemy [OE 4/49) 


<—| >! jst | [| 


HY514400AL 1,048,576 4-Bit CMOS DRAM 


TEST MODE 


The HY514400AL is a DRAM organized 
1,048,576 words by 4 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in parallel 


and retrieved the same way. Aoc is not used. If, 


upon reading, the 8 bits are equal(all 0s or 1s), 
the I/O pin indicates 1. If they were not equal, 
the I/O pin indicates 0. The following figure 
shows the block diagram of HY514400AL. In 
Test Mode, 1MX4 DRAM can be tested as if 
it were a 512KX8 DRAM. 


BLOCK DIAGRAM IN TEST MODE 


Normal 
[oo}=3 


Test 


Normal 


: 


Test 


; 








512K block 
512K block|7 "6 


WE, CAS-Before-RAS Refresh Cycle puts 
the device into Test Mode. And CAS-Before- 
RAS Refresh Cycle or RAS-Only Refresh 
Cycle puts it back into Normal Mode. In Test 
Mode, WE, CAS-Before-RAS Refresh Cycle 
performs the refresh operation with the internal 
refresh address couter. The Test Mode function 
reduces test time to one-second in case of N test 
pattern. 


512K block 


512K block 
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HY514400AL 1,048,576 4-Bit CMOS DRAM 


PACKAGE INFORMATION 


° 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 


UNIT : INCH(mm) — 


0.3380(8.5850) ——+| 


0.2950(7.4930) 
0.3300(8.3820) 


0.3050(7.7470) 










0.0200(0.5080) 
*— 0.0160(0.4064) 


0.0320(0.8128) 
— 0,0260(0.6604) 






( 1.2700) 


<— 











0.1380(3.5050) 
t 
i 
1 
f 
rl 
L} 
1 
[ 
| 
—> 


0.1480(3.7590) 






0.6790( 17.2466) 


~~ 0,67 10( 17.0434) 


2? 2740(6.9596) 
*—~ 0,2600(6.6040) 


0:0008(0.2489) "|! 
0.0075(0.1905) 


0.0400( 1.0160) 
0.0300(0.7620) 


* 20/26 PIN THIN SMALL OUTLINE PACKAGE—300 MIL 











x 
{ | UNIT + INCH(mm) ~ 
No ob 
Ne #e 
&S.22 
ON 
Be 58 
fone} So 
OR 
a8 = 
Aer 3 
0.020(0.508) By 3 
566 B 






0.0047(0.120) 


0.014(0.356) 
~"0.050( 1.270) BSC +| i 





—2i|0.008s 


==] 


Ba + +4 SEATING PLANE th 

£s 0.679( 17.247) 38 0.023(0.584) 
a8 0.671(17.043) 88 0.017(0.432): 
Sy ss 

EE a 

me os 
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HY514400AL 1,048,576X4-Bit CMOS DRAM 


° 20°PIN ZIGZAG-IN-LINE PACKAGE-400 MIL 


~ 0.120(3,0480) 
0.112(2.8448) 
















| | | 
te 88 ss 

gs [ [ess 2 

1 Bee 22 

! 355 ¥ 

tt l 





0.050( 1.2700) —» 


0.040(1.0160) 









i ee 
0.016(0.4064) | ee. ie oe |e 0.012(0.3048) 
36 | 0.009(0.2286) 3 
—. le 
1.036(26.3144) 0.100(2.5400) BSC 


1.024(26.0096) 


1 19 
Tete feat peel 
zea —) es - te) i [- 1} tT Be oF LEE LE) aboaaac 
iter ep oe i i oo ey 

2 c 20 
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MEMO 








DESCRIPTION ; FEATURES 






























The HY514410A is a high speed and new ¢ Low power dissipation 
generation 1,048,576 words by 4 bits CMOS - Operating Current, 80ns : 90mA(max.) 
dynamic random access memory, fabricated - TTL Standby Current *: 2mA(max.) 
with the HYUNDAI CMOS process. The -CMOS Standby Current: 1mA(max.) 
HY514410A offers a fast page mode operation, ¢ Read-Modify-Write Capability 
write per bit function, wide operating margins, ° RAS-only, Hidden, CAS-Before-RAS Refresh 
and inherently high CMOS reliability. Capability 
All inputs and outputs are TTL compatible. * Common I/O Capability 
Multiplexed address inputs permit the HY514410A ¢ Fast Page mode and Test mode Capability 
to be packaged in a standard 20/26 pin SOJ, * Write per Bit mode Capability 
TSOP, and 20 pin ZIP. * Single 5V+ 10% power supply 
HY514410A design is optimized for cache * 1024 refresh cycles/16 ms 
based mainframe, and microcomputers, ¢ High reliability 300 mil 20/26 pin SOJ, TSOP 
graphics digital signal processing, and high and 400mil 20 pin ZIP 
performance microprocessor systems. * Fast access time and cycle time(ns) 
ae | aysi4s104-6o] Hysi4a104-70] HYSi44i04-80| 
BLOCK DIAGRAM NEC RAS Mes if =f | 
60 70 80 
: Time, » tRAC B a | 
VOg YO1 VO2 O03 Max CAS Access 
9 ° 9 9 Tried ‘ 20 | 20 i 25 
___ | Min Fast Page Mode | - z | 
~©O0E | Cycle Time, tpc | ah | 
Min Cycle Time, tre | 120 130 150 | 














COLUMN 


CLOCK 
GENERATOR 


PIN CONNECTIONS 


COLUMN 
DECODER 





MEMORY 
ARRAY 


| suesTre|Lovy PIN NAMES | 
x8 GENERATOR + Vss ae 
RAS ROW ADDRESS STROBE 
TEST ae 4 


COLUMN ADDRESS STROBE 
WE WRITE ENABLE 
OE OUTPUT ENABLE 
AgAg | ADDRESS INPUT 
VOo-VO3 | DATA INPUT/OUTPUT 
Vpp | POWER(+5v) 
| _Vgs__| GROUND 









































HY514410A = 1,048,576 4-Bit CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 






































+ Ambient Teasecnne 0 to 70 
TstcG Storage Temperature —55 to 150 
Vin. Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 
Vpp Voltage on Vpp Relative to Vss —1.0 to 7.0 
los Short Circuit Output Current 50 
TSOLDER Soldering Temperature, Time 260, 10 
Pr Power Dissipation 770 
NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 
RECOMMENDED DC OPERATING Seer? 


Sead to 70°C) 








Input Low Voltage 








NOTE : All voltages are reference to Vgg. 


DC CHARACTERISTICS 


(T,s=0°C to 70°C, Vpp=5V+ 10%, Vss=0V, 











| Tuy | Input Leakage Current(any input pin) 
| 
lteo | Output Leakage Current for 
LO F 
pal High Impedance State 
Ippi Vpp Supply Current, Operating 





O0V<Vin <6.5V, All other 


unless otherwise noted.) 






pin not under test=Vss 









Dourt is disable, 


0V<Vour<5.5V 
—60 


RAS, CAS, Address 


cycling, tac=trc(min.) 


























: Ipp2__|_Vpp Supply Current, TTL Standby 





Vpp Supply Current, 


Ipp aed ae 
ye Gusaaas Refresh 










trc=trc(min.) 


RAS=CAS=Vin 








RAS cycling, CAS=Vin, 








Vpp Supply Current, 


I 
ere Fast page mode 


Vpp Supply Current, 





Vpp Supply Current, 









I RAS=CAS=Vpp-0.2V 
Pt ___ | CMOs standby eae | 









RAS= Vit Address 


cycling, tec=tpc(min.) 


RAS, CAS cycling 











Ip bias aia —70 

CAS-Before-RAS Refresh trc=trc(min.) a Eoaae 
Vo. __| Output Low Voltage lo.=4.2mA | SH 
Vou | Output High Voltage lon=—SmA | 2.4 
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HY514410A = 1,048,576 < 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=S5V+ 10%, Vss=OV, unless otherwise noted.) NOTES: 3, 4, 5 































Fast Page Mode RMW Cycle Time 
Access Time from RAS 


Access Time From CAS 





































































— e | - : if Le fIN.. i ee Ml . ui N A | M . : é N A : 
Fal tre | Random Read or Write Cycle Time = 130 = 150 = ns | 
trwc Read-Modify-Write Cycle Time a 210 = ns 
tprwc 
trac 
taa Access Time from Column Address Ey 30 - 
8 | tcpa Access Time from CAS Precharge - 
9 CAS to Output in Low-Z - 0 
| »| 0 
3 
| tre RAS Precharge Time 
t RAS Pulse Width 70 10K 80 10K ns 
RAS | 60 | 10K | 70 | | : 


iilme [Eahenek Game: | a) = | x 

oe 2 nw) els 

- | o {| - | 2m | - | 8 | ws | 4122 
| 6] teac | To = al, oe 7, 12 
7 

35 

10 | torr Output Buffer Turn-off Delay 
= 
12 ~ 
13 
/14| trasp | RAS Pulse Width(Fast Page Mode) 200K | 70 | 200K | 80 | 200K | ns 
Cs 









































































































































16| tcsn | CAS Hold Time o| - | 7 go | - [as | 
CAS Pulse Width 10K | 20 | 10K 25 | 10K “a0 
18| trcp _| RAS to CAS Delay Time 40 | 20 | so] 2 | 55 | ns 12 | 
19 RAS to Column Address Delay Time 30 15 35 “16 40 ns 13 
tcrp 5 = 5 = ns 
21 10 _ 10 ~_ ns ; 
22 Row Address Set-up Time see | = 0 t = ns 
23 Row Address Hold Time 10 | _ ce 10 = ns . | 
24 0 - 0 _ ns 
15 a 15 = ns 
26 ss_| a0 0 | — | ns i 
27 35 | - | a] - [ as 

















| 
z 
2 
° 
aa 
| 
aa 
cloleo 
3B 
| | 
Ney 
le 











1 15 


5 15 


























































33 | twp Write Command Pulse Width | is] - | i | - | as] - | os | 

Write Command to RAS Lead Time 2 | - | 2»| - | 2{| - | ns 

35| tcw. | Write Command to CAS Lead Time 2 | - | | - | sf - | os 

Data Set-up Time 0 = oe ee ee 

371 toy | Data Hold Time is | - is | — is | - | os 10 

Data Hold Time referenced to RAS 50 = ib 35 = 60 = [ns Ie 

39 | trer Refresh Period = 16 a 16 = 16 ms 
Write Command Set-up Time 0 =e 0 = 0 | = ns 11 4 
ewe [EAS w WE Dey Tine wo [= so P= ss [| 




















43 tawp Column Address to WE Delay Time 60 oe | 65 = 70 = ns It | 





ny 
[42 | tau | RAS to WE Deley Time | 90 | =| a0 = Po) = pe | 
| 43 | 4 fi 


HY514410A _1,048,576X4-Bit CMOS DRAM 











HYSI4410A 
PAR METER ae . 


tcur | CAS Hold Time(CAS Before RAS Cycle) 
46 | trpc RAS to CAS Precharge Time 

47 | . tcpr 
tron | RAS Hold Time referenced to OE 















































AC CHARACTERISTICS IN THE TEST MODE Note : 14 


ee _Hysi4ai0a _ 












"PARAMETER - es 





OE Access Time 
0| toep | OE to Data Delay 
53 | twts Write Command Set-up Time(Test Mode In) 10 | - | wo | - | ns 
54| twrn Write Command Hold Time(Test Mode In) 10 | ns 
55| twre | WE to RAS Precharge Time(CBR Cycle ) -| 10 — ns 
56| twry | WE to RAS Hold Time( CBR Cycle ) 10 = ns 















Random Read or Write Cycle Time 



























Read-Modify-Write Cycle Time 180 
Fast Page Mode Cycle Time 45 
Fast Page Mode RMW Cycle Time 100 


Access Time from RAS 
Access Time from CAS 


63] taa [ Access Time from Column Address 
















































64 tcpa Access Time from CAS Precharge 





65 | tras RAS Pulse Width 65 















































RAS Pulse Width(Fast Page Mode) 65 

RAS Hold Time 

CAS Hold Time 65 
69 CAS Pulse Width 25 

Column Address to RAS Lead Time 35 


70 | trar 
Papas 























711 tewo CAS to WE Delay Time 


Column Address to WE Delay Time Sle 3 = 75 
OE Access Time : | - | 25 | = 25 a 



































75 | toen _| OE to Data Delay 23 | - | 2 | - | 25 
76 | toen | OE Command Hold Time | 2 | - - | 25 
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HY514410A = 1,048,576 X 4-Bit CMOS DRAM. 





AC CHARACTERISTICS IN THE WRITE PER BIT MODE 








_HYS144104 





ones 


Ae 


















Write Per Bit Set-Up Time 
Write Per Bit Hold Time 








78 
















































79 | Write Per Bit Selection Set-Up Time 
80 | | Write Per Bit Selection Hold Time 
NOTES : 


_ 


-Iccp Icc3. lec4 Icce, Icc7 depend on cycle rate. 

2. Icc1, Icc4 depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 

a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

4. It depends on user whether column address is changed or not at least once while RAS=Vy, and CAS=Vin- 

5. AC measurements assume tt=Sns. 

6. Viyq(min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vjy and Vqr- 

7. Measured with a load equivalent to 2 TTL loads and 100pF. 

8. topF(max.) and toéz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

9. Either tpcH Or tprH must be satisfied for a read cycte. 

10. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

11. twos, tRWD: tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twos >twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tawp.> tRwp(min.), tewp > tewp(min.) 
and tawp.>.tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. ; . 

12. Operation within the tacp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is seeeiiics asa reference point only : If tap is greater than the specified 4 
trcp(max.) limit, then access time is controlled by tcac. : 

13. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 

14. These specifications are applied to the test mode. 





CAPACITANCE 
(T,s=0°C to 70°C, Vov=5V+ 10%, f=1MHz) 




















PARAMETER __ 2 ee) MAX, UNIT. 
input Capacitance Ag-As. Data In) - 5 pF 
Input Capacitance(RAS, CAS, WE, OE) - | 7 pF | 
Output Capacitance(Data Out) a | 7 pF | 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM 


TIMING DIAGRAM 





READ CYCLE 
7 RC(1) 
Vie = taas(i3) ———————> | |+——— trpc2) ——> 
RAS Ge + tarize) 
tcrP(20) ‘osnc16) 
piri tacp(18) tasH(15) torP(20) 
: t Wo traL(27) 
‘ASC 
. tasr(22) Ba pice Semncas) 
Vio = 
Rohe LARSEN SS} ee 
ee aes tacH(29) 
Vin 








facc) 
Vi : —————— 14813) | [tr 12) —-_ > 


RAS RAI Ye 
Vic AR(26) 


' —_——_________ tcsn(16) 

CRP(20) tacp(18) trsH(15) 
— Vin — t 
oar ee 
“ — Ot 

AL(27) 


ee oe tore 


RP Saat ZINN BBE NZL 


tasR(22) 
—_ 


W/O 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM’ 


WRITE CYCLE (OE CONTROLLED WRITE) 


— tac) een 




















taas(13) trpci2) 
Viqo— a = 
RAS +——— tar(26) ————+ 
Vi = | 
ar | 
t 
viuinie tacp(18) tRsH(15) tcrP(20) | 
aad > 
— Vin — 
CAS tcas(i7) ——+ 
Vi 


tasR(22) 


traH(23) 
ini traL(27) 


tasc(za) Seances) 
wn  ZZDNREHGNON BEBE XII 








wae — 7M) wwe WLLL 

| | toencsa) 

LLL) LLL LLL LLL 
twpscrey |_| W¥OH«G0) Ty ee) aaah | | 

wo ““ ~ 72M WZZM wamonan MLL 
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HY514410A 1,048,576 4-Bit CMOS DRAM 


~ READ-MODIFY-WRITE CYCLE 





tawc(2) ——<————— 
‘ tapc12) 
tras(13) $+ 

ViH 

RAS |——___—_—_——. tar 26) ———____- 
tosH(16) 

t tcrP(20) 
are RSH(15) | 

Vn — 


CAS tcas(17) 





bse ad as a cue | 
Vn — 
rote ZK aberes 2 CR Soon MLL LLL LLL 
tawo(43) - tewrcas) 
tRap(19) ns 
towo(41) 
~~ —~twesc77) | tWBH(78) ~~ tacs(28) : ' See fee eg Ny t 2 
<_>| |< ae RWD(42) RWL(34) 
wewe\" Wp | a CLLLLLLLL Lt 
. taa(7) 
e aoe ipa 
OE —— MLLLLLLLLLLLLLLLL eee, | 
| twosc79) | | twou(so) ‘ace t ie t 
med i ose tracis) a peat, 


Vu 


.. - Morin) 4 (E NZIIIZ 


W/IO 


Jo) 


Va= CX oni DATA. -OuT 
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HY514410A 1,048,576 X 4-Bit CMOS DRAM 
SS 0S GA VR PORT 


FAST PAGE MODE READ CYCLE 



























































Ve = trasp(14) 
RAS Vv 
tc 
terP(20) asus) tcRP(20) | 
CAS ia _toasci7) 
Vi — 
has 
"asR(22) tasccea). | | tcaHc2s) te caH(2s) 
Vin 
: ROW fF COLUMN} = COLUMN WONT COLUMN LIZ 
COE he a 2 EWN e ( ADDRESS } KX ADDRESS oN ADDRESS BZ 
ard tow1(35) towu(ss) twescao) {+ v7 tewi(35) 
t Wwoscao) sears 
WBS(79) ‘wera) ws twencst) eey <_'WCH_. 
(31) 
MS ae ee. t 
i be a we(s3) | {> 
wavy” Ya = a nn PA 
Vit _ aeail d cA _| 
raeell tes] toEH(52) toeH(s2) a | Foense) 
a 
——— Vin Se i i 
cr, ies CA KF GEL 
| — tonne) | 'oe0<60) 
aepet rey Eee) tbH(37) tos(3e) tbH(37) ‘os(a6) Sons7) | 
ns -cCc —_ +> 
Vin — DS(36) 
W/IO MASK KZ VALID VALID VALID ip 
Vi —  ZPATAIN CA DATA-IN CEs XN DATA-IN ZB MN DATA-IN ZZ 
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| tapci2) 
=— Vin —~ < taasp(14) —-——_—_—_——_—_—_+ | [“__ > 
RAS J «_—_ tan(26) ——__» 
Lo 
t 
sites ve ae oer tasH(15) pala 
CAS Viq \\ Keasca7) ~CASU7) easc7) | tcas(17) /} 
Ll tosH(16) \A— 
Tranza) tRaL(e7) | 
*asR(22) tasc(za) | tcaH(2s) ‘cati2a) tasc(25) Uasc(za) Mane toaH(25) | 
V —> Pt |< -_ |\~«— 
5 oe O 
roto ON RD XOX ADRS KAR] aponees_) ( ASpReS KALA 
trap(19) 
tacs(28) tacH(2s) 
we we “" ~ : ROA | Wi ican Ne 
we ZZ A, IRA Ay mp Ne 
| | AA — | 
| ROH(48) 
Vie — OFAC) fO toeac4g) OEA(49) 
Fa LN EM WOW, 
t mee toFF(10) “toFF(10) 
RAC(5) <_—> aed : teacdes oe 
_ faze) a 226) wee _toeas1) 
Vou — ? OY VALID OF VALID 
caer eee CH pata-our ) iXoarcoun—F Xb atacoup 


HY514410A 1,048,576 X 4-Bit CMOS DRAM | 
PR PS SSS DG RT] 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 








































as ViH = 
RAS tpasp(14) 
VM 
tesH(16) 
t / 
t as tasH(15) 
RCD(18) : to & 
Vin toas(17) =—| tepca1) *~*CRP(20) 
CAS Vv es —loas(17) —— ——teasiirn—=[f ] 
L— 
toaH’25) fagcoas trav(e7) 
tasr(22) tasc(ez) TP} toatces) 
1H 
- COL SILAS COL 
Parte Vit YT Sot Ke LAA ADD 
taw3a) 
town) ; towi(35) 
— —- Vn — 
WB. WE tawo(43) tawp(43) 
Vi — 
twp(as) | twecas) 
_ 
toeacag) 
v se ae 
IH = 
Ve — Z (50) E a 
‘oro topacs) toencso) | tcpacs) toeD(s0) 
Koacte) lace) tacts) eee 
toez(s1) taacz) taac7) [PO tosae) 
toEz(51) 
trac(s) _|_ tose) = . 
oe) tou(37) je 
Von — 2 
‘OH Z (| } 
Vo. — . 
terzig, OUT 
—-| 
W/O 
Viq = 
DATA (ce ‘i 
vy, — ALDATAIN + (AB), + 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM 


RAS ONLY REFRESH CYCLE . 







<— tpec1g23 ———> 





Vn — 

RAS = tras(13) 
Vie — 

ame Viq 

CAS 
Vi — 


tasa(22) | | tran(es) 


wn “DMR 





NOTE : WB/WE, OE : “H” or “L” 


CAS-BEFORE-RAS REFRESH CYCLE 


tacc) 
«—— !pp(12) __ +» P12) ae 
RAS << trrasci2) 


tapc(46) 





topc2t) 
—<—— 


tosrcaa) 
— toHR(4s) 








w "Waal ~~~” 


Von — 
W/O ‘ |} OPEN 


OL — 


NOTE : OF Ag~Ag : “H” or “L” 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM 





HIDDEN REFRESH CYCLE(READ) 


ms 
R 
Viv 
—_ Vv 
CAS 
Vit 
Kits Vin 
Vie. 
— Vin 
WB. WE 
Vic 
—_— V 
OE IH 
Viv 
‘OH 
W/O 
Vor 
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ree) eee eee tears 
tapc12) 
+———— tras(13).  tpp(12) > P a 
t tras(13) 
+ _tan(26) ———> 
terP(20) taco(18) torP(20) 
~-_— 
tcHR(45) 
bad \\ 
-, 
tasc(24) 
—e |< 
tasr(22) eras) toaH(25) 
—- 





ZN Bh D aan 


tRaL(27) 
areal au ‘waecss) 


LLLLL Ld A, LILLIE LLL LLL LLL 


{wap ommor 


twrH¢ _WRH(58) 








taa(7) 










toeacag) 





toFF(10) 
-_—, 








Ly, 





| HY514410A 1,048,576 4-Bit CMOS DRAM 
aa ea re ae a ae ee EP a Ye TTT 


HIDDEN REFRESH CYCLE(WRITE) 















tac(1) tac(1) 
t 
tras(13) tapc12) RP(12) 
—= Vin tar(26 tras(13) 
RAS AR(26) 
Vi 
torP(20) tacp(18) torP(20) 
—_ +— tasH(15) —> 
mA Vin — t =— lour(45) ——> 
CAS RAD(19) \ \ 
Vit = —>| 


tasc(24) 


— | |< 


tasn(22) tRaH(23) 





Seat bonne HI Semieetl 


; baal | | Z 
wen” DNGRSONE XZ 








twes(77) cae cet 





40) twou(31) 
——————“—_—_—~ 


eee a 2 ae ALLL 


twor(a2) 


Vin — 


% "LLL 









‘wos79) | MOH Moga) tou(37) 
wna VIO ON DL 








toHR(38) 





MASK DATA-IN | 
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HY514410A = 1,048,576 < 4-Bit CMOS DRAM 





CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


— tepci2)—| 
Vin — 








RAS Ve — tras¢139 ——______-—> 
Pale + rsui15) — 
tesr : 

CAS . S ae =—— tour(45) —— _———* / | 

‘ _tasc(2s) thaws trat(27) | 

lH 
Oe - EEE CORES LLL IIL LLL, 

| taRH(30) 
READ CYCLE taacz) ———>+ 
gate one tacs(28) 
>| |—tcacie) — =—| trcH(29) 





wee” ZZ \| NLL uh Li 


tRoH(4g) 


t . toFF(10) 
Pace pager eed 
pesporees 


Von — 
w/o OPEN Gg ' VALID DATA-OUT 


twrp(ss) ee) ; 
CWL(35) 


Vor 
WRITE CYCLE. | a Peres | 


Vi 


W8. WE i _“L/A = LLL LLL. s | ae, 
= Lf IIE TILT II 


tos¢s6) 
| -— tbu(37) -—- 


Vw — 
W/O * (| = VALID DATAIN 
iL-S. 


| tow(35) 




















READ-MODIFY-WRITE CYCLE ax 
twr(ss) | . | wRH(se) tacs(28) y 
can utes ual _ tewo(41) ————> =—'Rwisa) > 
WME). MZ], ee MUI. 
| taac7) : 
. ce 
OE o : ILI IIL IEEE = toga(ag) 
tcacce) 
ee Te i947) 2 
OL : 
W/O 7 VALID DATA-OUT ise sas 
oF open Mom 
Vee : 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM 
SES NA RE ST I I TD TRS TTS 


TEST MODE IN CYCLE _ 


tac(s7) 
+— tapc12) ——+ 


RAS <+—_______—_ frasves) 


tep(21) 
++} tosr(aa) 
toHR(45) 


oR NN OOO 


9 eat hec twrs(s53) 3 
WWE TN WV LLL S 


torF(10) 


W/IO OPEN 





NOTE > OE Ag~ Ag iH" or “1” 
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HY514410A = 1,048,576 4-Bit CMOS DRAM 


TEST MODE 


The HY514410A is a DRAM organized 
1,048,576 words by 4 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in parallel 
and retrieved the same way. Aoc is not used. If, 
upon reading, the 8 bits are equal(all 1s or Os), 
the I/O pin indicates 1. If they were not equal, 
the I/O pin indicates 0. The following figure 
shows the block diagram of HY514410A. In Test 
Mode, 1M <4 DRAM cab be tested as if it were 

a 512KX8 DRAM. 


BLOCK DIAGRAM IN TEST MODE 








512K block |. 


512K block 
512K block[__— + 


WE, CAS-Before-RAS Refresh Cycle puts the 
device into Test Mode. And CAS-Before-RAS 
Refresh Cycle or RAS-Only Refresh Cycle puts 
it back into Normal Mode. In Test Mode, WE, 
CAS-Before-RAS Refresh Cycle performs the 
refresh operation with the internal refresh 
address couter. The Test Mode function 
reduces test time to one-second in case of N test 


pattern. 


512K block [7 
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HY514410A 1,048,576 < 4-Bit CMOS DRAM 
a a a ee I TT a aT 


WRITE-PER-BIT FUNCTION 


The write-per-bit function selectively control the internal write-enable circuit of the DRAM. When 
WB /WE __ is held ‘low’ at the falling edge of RAS during a random access operation, the 
write-mask is enabled. At the sametime, the mask data on the W,/IO, pins is latched onto the write- 
mask registerC(WMR). When a ‘0’ is sensed on any of the W,/IO, pins, their corresponding write 
circuits are disabled and new data will not be written. 

~- When ‘1” is sensed on any of the W,/IO, pins, their corresponding write circuit will remain enabled 
so that new data is written. The truth table of the write-per-bit function is shown in table 1. 


Tablel : Truth table for write-per-bit function 

















| -- At the falling edge: of RAS oe — 
OE oer, nae ? _ Function 
_CAS OE - - WB/WE |. WAOG=1~4) _ : 
| = | | H ‘ Write Enable 
1 ' Write Enable 
H H ; L 
0 Write Mask 








An example of the write-per-bit function illustrating its application to displays is shown in Fig-1 
and Fig-2. 


Fig-1 : Write-per-bit timing cycle Fig-2. : Corresponding bit-map 


| CRT display 


Pixel 





~ | NS | odloocdlooood 
- tae eag ees |e 
ron ZX vom KX comm XL, | SOOOBOWOCOOO | 
O ODBLDIO O00 O | wits *0” 
OOVO/OOD|IOOCO0 Jo 
me eI. Jy. \\ oop OCCR eee en 


W/O, Mask 


W2/lO2 Enable Write “1” at 


| | W4/lO4::*Write “O” 
W2/I0s vise Wy —— We/lO3:+"No Write(Mosked) 
| W2/lOo::-Write “1” 


W,/IO;":*No Write(Masked) 
= Write 


W,/lO,= “L”+--Mask Bit 
Ww/lO,="“H”":--Write Enable Bit 
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HY514410A 1,048,576 4-Bit CMOS DRAM 





PACKAGE INFORMATION 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 


yf UNIT : INCH(mm) MAX. 
MIN 


0.3050(7.7470) 
0.2950(7.4930) 
0.3380(8.5850) 
0.3300(8.3820) 









0.1480(3.7590) 
—p ee . 


0.1380(3.5050) 






0.2740(6.9896) 
0.2600(6.6040)"~” 


0.6700( 17.2466) 
0.6710( 17.0434) 





0.0008(0.2489) 
0.0075(0.1905) 
0.0300(0.7620) 


0.0400( 1.0160) _,.| 


¢ 20/26 PIN THIN SMALL OUTLINE PACKAGE-300 MIL 













lect elnee eaten eee ee yt | UNIT INCH mm) MAX 
Re as 
SESS 
5a 58 
oo 00 
| 
|_| | 
0.020(0.508) . £F 
. 0.014(0.366) [JH g 3 


- A 


“0.080( 1.270) BSC 
od 
(IBIS ES SS SSS SS 






||=0.0083(0210) 
0:0047(0.120) 


ln f=] 





Mat a[tae ee See ea, ee { ?£. SEATING PLANE | i ff 
s & 0.679( 17.247) ae | Le 0.023(0.584) 105 
18 067117043) "| 88 0.017(0.432) 
38 Bg 

oo 
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HY514410A 1,048,576 4-Bit CMOS DRAM 





¢ 20 PIN ZIGZAG-IN-LINE PACKAGE -— 400MIL 


a 0.120(3.0480) 
0.112(2.8448) 













~_ 


] 
Bo Se a2 
By g g 
aa] [ess 
fo} 





0.050( 1.2700) 
0.040( 1.0160) 


0.009(0.2286) 


we i 
!| = 0.012(0.3048) 
“#— 0.100(2.5400) BSC 





—_ 





1,036(26.3144) 
1,024( 26.0096) 













a ia 


fh 
I 
io 
a 
i 

K 

R 
= 
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- MEMO. 


_ PRELIMINARY 











M1L1200A-MAR92 

DESCRIPTION FEATURES 

The HY514410AL is a high speed, low power * Low power dissipation 
1,048,576 words by 4 bits CMOS dynamic - Operating Current, 80ns_ =: 90mA(max.) 
random access memory, fabricated with the - TTL Standby Current : 2mA(max. ) 
HYUNDAI CMOS process. The HY514410AL -CMOS Standby Current: 200uA(max.) 
offers a fast page mode operation, write per bit - Battery Back Up Current : 300uA(max.) 
function, wide operating margins, and ° Read-Modify-Write Capability . 
inherently high CMOS reliability. * RAS-only, Hidden, CAS-Before-RAS Refresh 

All inputs and outputs are TTL compatible. Capability 
Multiplexed address inputs permit the HY514410AL ¢ Common I/O Capability 
to be packaged in a standard 20/26 pin SOJ, ¢ Fast Page mode and Test mode Capability 
TSOP, and 20 pin ZIP. ¢ Write per Bit mode Capability 

HYS14410AL design is optimized for cache ¢ Single 5V+ 10% power supply 
based mainframe, and microcomputers, © 1024 refresh cycles/128 ms 
graphics digital signal processing, and high * High reliability 300 mil 20/26 pin SOJ, TSOP 
performance microprocessor systems. and 400mil 20 pin ZIP 


¢ Fast access time and cycle time(ns) 





BLOCK DIAGRAM 


~ |HYS14410A1-60|HY514410A1-70/HYS144104180 


Max RAS Access 
Time, trac 

Max CAS Access 
Time, tcac 

Min Fast Page Mode 


Cycle Time, tpc 


VOg YO1 Oo 03 


(ae sae a 











WE O 
CAS © 








COLUMN Min Cycle Time, trac 


CLOCK 
GENERATOR 


COLUMN 
PREDECODER 
(10) 
A COLUMN 
eae DECODER 
1 
AQ oO] 
A3 Oe 
Ag oO 


i 


REFRESH 
COUNTER 
SL 0 ee 3 | TOE 








SSIER 
Ree en 
ADDRESS BUFFERS (10) 


MEMORY 
ARRAY . 





SOJ 





















AS CLOC 
e+ PIN NAMES 
: oe +9 Vpp 
-O V. RAS ROW ADDRESS STROBE 
xB GENERATOR ss 
PAPEL : COLUMN ADDRESS STROBE 
WE WRITE ENABLE 





OUTPUT ENABLE 
ADDRESS INPUT 
DATA INPUT/OUTPUT 
POWER(+5V) 


t 
Vss GROUND 




















HYS514410AL = 1,048,576 4-Bit CMOS DRAM 





ABS 












OLUTE MAXIMUM RATINGS _ 


Pop | Sheet eat Out amet 


NOTE: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,x=0°C to 70°C) © 






























Supply Voltage 
Input High Voltage 
Input Low Voltage 


















Vin 
| Vit 


NOTE : All voltages are reference to Vss. : 


DC CHARACTERISTICS 
(Ta=0°C to 70°C Vpp=5V+t 10%, Vss=OV, unless otherwise noted.) 


















PARAMETER SPE 
OV<Vin<6.5V, All other 
{Iu | | Input Leakage Current(any input pin) SoS 
pin not under test=Vss 
Io | Output Leakage Current for Dout is disable, 
LO 
High Impedance State OV<Vour<s.5V 


RAS, CAS, Address 


cycling, tpc=trc(min.) 


Ipp2 Vpp Supply Current, TTL Standby RAS=CAS=Vin Wa 


Vpp Supply Current, RAS cycling, CAS=Vin, 






Ipp1 Vpp Supply Current, Operating 





on 
x 
a 

















Ipp3 —— : 
RAS-only Refresh trc=trc(min.) 
Vpp Supply Current, RAS=Vj,, Address 
Ipp4 : . 
Fast page mode cycling, tpc=tpc(min.) 
Vpp Supply Current, 
Ipps 





CMOS Standby 












Vpp Supply Current, 
CAS-Before-RAS Refresh 


RAS, CAS cycling 


trc=trc(min.) 








v : 





CAS=CBR cycling or 0.2V, 
OE=WE=Vpp—0.2V, 
Add=Vpp—0.2V or 0.2V, 











Vpp Supply Current, 





Battery Back up 





Output Low Voltage 
Vou Output High Voltage Ion= —SmA 
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HY514410AL 1,048,576 < 4-Bit CMOS DRAM 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES : 3, 4, 5, 6 


























































































































































































~HYSI4410AL 2 
nest Rendon Read or Write > Cycle Time 
Fa] tae Read ModihWte Gye Time fs | =f aes |= | af 
3 | tee [Fast Page Mode Cycle Time —*i| 0 | - | «| - | | - | 
Fast Page Mode RMW Cycle Time 115 = ns 
| trac _| Access Time from RAS BEES 80 ns | 8, 13 | 
6| tcac Access Time From CAS a8 {25 8, 13 
shee Access Time from Column Address | - | 3 — +8} 8, 13 
| 8| tera | Access Time from CAS Precharge | - | 3 8 
tciz | CAS to Output in Low-Z pele et | 8 | 
torF Output Buffer Turn-off Delay 9 
Transition Time(Rise and Fall). 7 
f12] tee | RAS Precharge Time 50 
13 | tras RAS Pulse Width 60 
RAS RAS Pulse Width(Fast Page Mode) 60 
trsx__| RAS Hold Time 20 
/16| tcsx | CAS Hold Time 60 
[17 teas | CAS Pulse Wieth——SSS~ =i -] 
18 teen [RAS toCAS Delay Time | 20. 13 
15 14 
5 
10 
10 ~ | 
; trees 
15 
50 
30 
a 
Ete r 
30 Read Command Hold Time referenced to RAS 10 








wn 


Data Set-up Time 
Data Hold Time 15 


|38| tour | Data Hold Time referenced to RAS 50 
39| trer_ | Reftesh Period =| 18 | = | 
twcs 








twcr [Write Command Hold Time referenced to RAS | 55 a 
ee 
= 25 ae 
: ee 
Pid 

aa 






































40 | Write Command Set-up Time 0 12 
|41| town | CAS to WE Delay Time 50 12 
faa] tawo | RAS w WE Delay Time ———~dSC—« | 
Column Address to WE Delay Time | 60 | 12 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 


CAS Hold Time(CAS Before RAS Cycle) | is | - | 2 | - | 30) 
trec_| RAS to CAS Precharge Time Lae ees eee 


tcer_ [CAS Precharge Time(CBR Counter Test Cycle) 30 | - | 35 | - | 4 | - | ms | | 


/48| tron | RAS Hold Time referenced to OF 
OE Access Time 
OE.to Data Delay 


toEz Output Buffer Turn-off Delay Time from OE 
OE Command Hold Time 














AC CHARACTERISTICS IN THE TEST MODE Note: 15 





Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time | 180 | 


Fast Page Mode Cycle Time 45 
Fast Page Mode RMW Cycle Time 100 














s s re a 
— Seal cd 
too rca : 


— 
































CAS Hold Time 
|69| tcas | CAS Pulse Width 
tRaL Column Address to RAS Lead Time 
CAS to WE Delay Time 
RAS to WE Delay Time 














Nid 


74 OE Access Time 


OE to Data Delay 
OE Command Hold Time 





nn 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 





AC CHARACTERISTICS IN THE WRITE PER BIT MODE 


_Hy514410aL, 



















: ERMER 














twes Write Per Bit el Time 


| = | ns | 
nu [Wits Poa Tews 0 a 
ies [Wie Per sin spine [oo Po 
= | ns | 








Write Per Bit Selection Hold Time 

















NOTES : 

eTocs Iec3 Icca Icce Iec7 depend on cycle rate. 

2. Icc1 Icc4 depend on output loading. Specified values are obtained with the output open. 

3. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

4. It depends on user whether column address is changed or not at least once while RAS=Vj,_ and CAS=Vix. 

5. Only tras(max.)=Iys is applied to refresh of battery back up but tpas(max.)=10ys is applied to normal functional operating. 

6. AC measurements assume ty=S5ns. 

7. Vip(min,) and Vy (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyy and Vy,. 

8 

9 


_ 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. tofF(max.) and togz define the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

10. Either tpcy Or tprH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-modify-write cycles. 

12. twcs, trwp: tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristic only. If twcs> twcs(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle : If tpwp > trwp(min.), tcwp> tcwp(min.) 
and tawp > tawp(min.) the cycle is a read-modify-write cycle and data out will contain data read from the selected cell : If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

14. Operation within the tpap(max.) limit insures that tp aC(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta,. 

15. These specifications are applied to the test mode. 


CAPACITANCE 
(Ta=0°C to 70°C, Vop=5V+ 10%, f=1MHz) 


























SYMBOL | PARAMETER 
Cint Input Capacitance(Ap-Ag , Data In) 
Cin2 Input Capacitance(RAS, CAS, WE, OE) 
Cout Output Capacitance(Data Out) 
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HYS14410AL 1,048,576 4-Bit CMOS DRAM 





TIMING DIAGRAM 
READ CYCLE eee 
Ve — trv) + +——- trp(2) ———> 
RAS e _ ——— tance) 
—-__—_—— tosncie 
tcreceo) tacp(18) = tRsH(15) torP(20) 
aoe == 
ee trat(27) 
tasr(22) [teavcen Seances) 
Vin — 
rote YD RaporessM DN SORES IM YYYYJ SII LLL LL LLL LL LLB 
| tRCH 29 
tacs(28) = 
Es: 
We  LLLLLLLLLLL | Genes MLLLLLL LLL Le 
taac7) 
as Vin — : toeacag = 
OB LLL | BULL LLL LLL 
. tracts) __108Z(51) le—e eS 
wo Yr OC 
Vo. — _taze) 
WRITE CYCLE (EARLY WRITE) 
tacts) 
Vi : $$ tras(13) + | _ |< fap(12) + 
RAS Ge es + tarn(2e) ———--—_> 


‘ ee a7 6 1:5) 
RP(20) trcp(18) me trsH(15) tcRP(20) 
ee p esembacbitinieien eee 


a A eee 
ee a he | 
| | Len _| 
tRAL(27) 
ihe 


Cease CAH(25) 


Ne AG NA XC 



















ee Zi LLL 
wo DXB WA nm omen WLLL 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 


WRITE CYCLE (OE CONTROLLED WRITE) 








tac(1) 
tras(i3) : tap(12) 

Vino — 
RAS +——— tan(26) ——_—__> 

Vi = 

"cRPCzo) tacp(18) trsH(15) tcrP(20) 
-~-_-.P Si —— 

= Vin — 
ms ws 

Vi 


tRaH(23) 
ss tRaL(27) 
tasR(22) 
~-_P, 


tascceay} Seances) 
wn" TZXGRBGW ON EBB W/L 











were Ze Nat WLLL 
a LLL 
toeD¢s0) 
wos) ee —s basa Pedi 
w/o . ES 7 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 


READ-MODIFY-WRITE CYCLE 


tawc(2) ——EeEE————————————————— 












tapc12) 
{R83} $+ 
Vin — 
RAS é. = anna, "eran 
| sites 
oe tacp(13) tRsH(15) ee) 
ae Viq — tc 
os IT \ ————— ee 
bead pd a *astae)| one 
Viq — 
rote yy, — YRanonessX XN ROORSS LLL III LL LLL LLL LLL 
tawp(43) tcw1(35) 
trap(i9) 
ee ae teown(41) 
twes(77) weH(7e) bia te t 
ass! =| — WD (42) RWL(34) 


ee 
Vin — 


we.we " ~ Wr] be VAL MAIL EMM 


Vin 


~ teacce) 
> 


toeD(50) 
—_————> 


twos¢79) |_| !wox(80) 
oo ~_— 


ies ) ea toner) 
tracts) 
Vw 


. - Ni stisn AK ont MLL 


“W/O 


ze 


Vou — 


ly’ 
a (Nossa) 


3-296 


HY514410AL 1,048,576 < 4-Bit CMOS. DRAM 


FAST PAGE MODE READ CYCLE 


= Vin 
RAS 

Vit 
— Vin 
CAS 

Vit 

Vin 
Ao-Ag 

Vit 
— — Vi 
WB. WE 

Vit 

Vin 
OE 

Vit 
wo VOH 


OL 































. trec12) 
tRasP(14) ———— 
lag eon) —— 
sata ea tess) | [10° 
one teasc17) toas(17) toas(17) [} 
me mar 
tasr(a2) ei tcaH(25) re tcaH(25) 
cK ioe KK soon XA spores 7{M_sooness KZA 
RAD(19) 
‘eae. | ticucasy } tacH(29) 
____ ana i 
ZL Nunn, (A 7 a LA 
AA(7) ' taa(7) : taa(7) fy! 
tRoH(48) 
toga 
LEN | KON "ZI WLLL. 
ee ae : maa tcacie) ee toFF(10) 
a taze | rarer toez(en tcacce) | 





J VALID 2 VALID 
CHR oatncour P—EXoaraout 


FAST PAGE MODE WRITE CYCLE 


Vin 


ae Vin 
RA 
. Vit 
eee Vin 
CAS 
Vit 
Vin 
Ao-Ag 
Vit 
We. We | 
; Vit 
— Vin 
OE 
Viv 
W/O 
Vit 


tap(12) 
PE al 





traspc1a) 


«—— tar(2s) ———- 
» the 
‘cRP(20) tacn(18) e_ teesdy tasH(15) ‘crPc2o) | 
toas(17) tcas(17) 
=teas(17)—> } inns 








nasi 
tRaH(23) 
tasR(a2) tasc(24) toaH(25) tasc(aa)_ _tcanias) ees toaH(25) 
ROW (, COLUMN COLUMN COLUMN i 
CF, (ROW KK (ADDRESS LB AD ADDRESS i | Sau Y (LEE 
“Aah tow1(3s) towi(as)_ [owl towi(35)—~ 
t wee tRWL(34) —> 
WBS(79) ‘weH(78) — ‘woxa1) ees) atwou(31> 
-_- -—_ t 
{~ fey az hee 'WP(33) BZ 
x KA i= Lf fe [BIFEZ 
toEH(52) | Foescse) 
pow | ik a 
Te EZ 
ZF co SZ 
+——— tours) ~ | toeDcso) 
‘wosc7e) ADH(80) toncar) tpscae)| toH(37) 'bs(s6)| | tpu¢37) 
<>: Se al | —_ —_oo 
tos(36) 


KM paTain Ik patain he a Oo 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


































penn Viq — 
RAS teasp(14) 
Ve — 
tosH(16) 
tprwoca) 
tasH(15) | 
, tacp(18) : eas <-teRP(20) > 
iH AS(17) 
CAS Vi. }-=-——leas(17)-— ——loas(17) ——+ [] 
tcaH(25) tasc(24) trat(27) 
tasr(22) tasc(e2) ; | ~ TT] tonnes) 
Vinca ee - 
" COL LL COL Th COL 
POT on 4 ie ZgaZZ lS ZA es 
| towo(41) | , (Rue) 
taos¢es) towi(ss) towi(as) | townt4) tence 
— —— VH — LJ 
WB. WE tawo(43) tawo(43) 
Vi — 
| Bi __. | twrcss) 
toeacag) 
ce V 
an toED (60) topaca) toen(so) | topacs) toED(50) 
tcacte) tcacce) tcacte) r| | 
+—>| —_—-+] -_ toez(51) 
toEz(51) taa7) taa(7) |* Pals toscae) 
to toez(51) 
trac(s) $(36) WI" 
weil sta lacs toH(37) 
_ A 
Vox (4 ( 
Vo. — 77 
terzay OUT 
ee] 
W/O 
Vin — : A 
Xin CX, N-} 
Vi — : 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 


~ RAS-ONLY REFRESH CYCLE» 


tacc1) 


=——— taec12) ———- 





RAS © tras(13) 
Vi — 

rene Vin — 

CAS 
Vc — 


wr” DMR LLL 


NOTE : WB/WE OE=“H" or “L” 


CAS-BEFORE-RAS REFRESH CYCLE 


tao(1) 


«—— _lpe(12) —__> ———!RP(12) —__> 
Vin = 


RAS a i 
V; — 
r tapc(s) 
-_———_——_—». 


tep(21) 


tosr(44) 


Viq —_ toHR(45) 








twrp(ss)| | twrH(se) 


eee LALO, 


NOTE : OE An~Aog=“H" or “L” 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 





HIDDEN REFRESH CYCLE(READ) 


CAS 


W/O 
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Vou — 


Vo. — 















tap(i2 
tras(i3) _ tap(12) > es 
t tras(13) 

<+—— tar(26¢) ——— 

tcrP(20) tcrP(20) 
-_ 
toHR(45) 
tasr(22) tRaH(23) toaH(25) 
a neal : 





LZR BBO SBD KML LLLLLLLLL LLL LL LLL) 


traL(27) | 
tacs(28) *RRH(30) twap(ss) twrRH(5e) 
aca fa teetl I i 


taa(7) 






WLLLLLILLLLLL La 


tore(10) 
>, 






toEa(4g) 










CK mw ommon 


HY514410AL 1,048,576 < 4-Bit CMOS DRAM 


HIDDEN REFRESH CYCLE(WRITE) 
tao(1) 


—— tras(13) 
RAS 


<— tcHA(45) —— 


CAS 





mons a LEX ae NLL 


twes(77) 








WBH(78) tweg¢4o) tweou(31) 
—_ o.oo 


——_, 


wwe” 2 A+ ULL 


| | tame _| 
ies 


a 





< 


V 
W/O 
V 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


e— tap(12) 
























RAS a i — tris) 
Ncenca7) tRsH(15) 
os i EP en iz x —— 7 
i _aso(ea) tRaL(27) | 
Mo _ LLL 2) AMM Z 
READ CYCLE twrpcss) | | twrH(se) | tacs(28) i | ail 
Pea -—+| |—tcacte) —— —| trcHi29) 
wie” Zp || NLA | 
| WLLL LLL LLIN = WLLLLLLLL LLL 
Jaze wa 
wo Yr ores LL 97 vaio onmour + 
WRITE CYCLE bes w as | a | 





Wa We ha CN =| | -——twonesn WO 





tos(se) 
| <—>; |<—'bH(37) — 
VH — 
wo (wo oxen} 
VL — 
READ-MODIFY-WRITE CYCLE ‘aie towL(as) 
t twrH¢se) tacs(28) 
WRP(55) Bae 56 bee 








ee “ZZ XIII = i 
"WWI 


IL toeD a 
Loez(s 1) 


OPEN 
Vo. — 
: if \} Itox 
Wilo VALID DATA-OUT | °S<%8"| | PHS? 
-' —_—- 
Va — Ne VALID 
‘Iy = OPEN ()  DATA-IN 
iL ‘ 
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HY514410AL 1,048,576 X 4-Bit CMOS DRAM 


TEST MODE IN CYCLE 






tac(s7) i oe | a es 


<—— tRp(12) ——> 












RAS +—_—______— lasves) 
tepca1) 
-—- 
: + _—— toHR(45) 
CAS 


t 


se WTS(53) 


toFF(10) 


Sa al 


W/O OPEN 


NOTE : OE, An~ Ao=“H” or “L” 
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HY514410AL 1,048,576 X 4-Bit CMOS DRAM 
SERS RS I PN TEAS GE IGE 


TEST MODE 


The HY514410AL is a DRAM organized 
1,048,576 words by 4 bits and it is internally 
organized 524,288 words by 8 bits. In Test 
Mode, data are written into 8 sectors in parallel 
and retrieved the same way. Apc is not used. If, 
upon reading, the 8 bits are equal(all Os or 1s), 
the I/O pin indicates 1. If they were not equal, 
the I/O pin indicates 0. The following figure 
shows the block diagram of HY514410AL In 


Test Mode, 1MX4 DRAM can be tested as if | 


it were a 512K X8 DRAM. 


BLOCK DIAGRAM IN TEST MODE 


Normal 
© 


Test - 


Normal 
[pos 


Test 


Normal 


Test 


Normal 


: 


Test 


} 
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512K block [~ 
; Test 
512K block [~__ OXS=R04 





WE, CAS-Before-RAS Refresh Cycle puts 
the device into Test Mode. And CAS-Before-. 
RAS Refresh Cycle or RAS-Only Refresh 
Cycle puts it back into Normal Mode. In Test 
Mode, WE, CAS-Before-RAS Refresh Cycle 
performs the refresh operation with the internal 
refresh address couter. The Test Mode function 
reduces test time to one-second in case of N test 


pattern. 





Voo 


O 
Normal 


"Von ~ Test 


Nonmal 


WRITE-PER-BIT FUNCTION 


HY514410AL 1,048,576 4-Bit CMOS DRAM 


The write-per-bit function selectively control the internal write-enable circuit of the DRAM. When 
WB/WE is held ‘low’ at the falling edge of RAS during a random access operation, the write-mask 
is enabled. At the sametime, the mask data on the W,/IO; pins is latched onto the write-mask register 
CWMR). When a ‘0’ is sensed on any of the W,/IO; pins, their corresponding write circuits are 


disabled and new data will not be written. 





When “1” is sensed on any of the W,/IO; pins, their corresponding write circuit will remain enabled 
so that new data is written. The truth table of the write-per-bit function is shown in table 1. 


Tablel : Truth table for write-per-bit function 














At the falling edge of RAS 


W,/I0;G=1~4) — 


° ‘Function 























WB/WE Lo 
H Write Enable 
1 Write Enable 
- 0 


Write Mask 











An example of the write-per-bit function illustrating its application to displays is shown in Fig—1 and 


Fig-2. 
Fig-1. : Write-per-bit timing cycle 


ee all 
ee ae 

a ee 

| 


wn Kron X cm YL 





W/O; Mask 

W2/lOo Yj Enable G Write “1” CLL 
| | 

W3/lO3 Mask 


W4/lO4 ; 7} Enable \ » Write “Oo” y Y / ; 


L_ Write 


W,/lO, =“L”:+-Mask Bit 


Ww/lO, =“H"-:-Write Enable Bit 


Fig—2. : Corresponding bit-map 


CRT display 





Pixel 


® 


Write “1” 
Wrtie “0” 


O 


No Write 


Powe Wa/lOg"Write “0” 
W3/IO3°::No Write(Mosked) - 
W2/IOo:Write “1” 
W,/10,°--No eee 
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HY514410AL 1,048,576 4-Bit CMOS DRAM 
Sista 9S Yl See FRA SS Sea ro ere gs Pee OE a ga Tae as se EE a age a ee | 


PACKAGE INFORMATION 


¢ 20/26 PIN SMALL OUTLINE J-FORM PACKAGE —300 MIL 


MAX 


UNIT : INCH(mm) ——~- 
MIN 


a 


0.3050(7.7470) 
0.2950(7.4930) 

— 0.9380(85850) ——+| 
0.3300(8.3820) 









0.0200(.0.5080) 
—*| 1*— 0.0160(0.4064) 
















0.0500BSC 
sou ey — doeso.08808 
ss (OARRE Th Z L 
36 38 oa 
0.6700( 17.2466) % 5 |4_.0.2740(6.9596) a 
0.6710( 17.0434) red 0.2600( 6.6040) g 
rE 


0.0300(0.7620) 


° 20/26 PIN THIN SMALL OUTLINE PACKAGE-—300 MIL 











aa MAX 
T : INCH . 
| UNI (mm) can 
ao ae 
&5 83 
Seas 
oy 
ae 58 
oo oo 
ok 
0.020(0.508) gy Ss 
| ij 0.014(0.356) py 66 & 
ie 0.050( 1.270) BSC tes | e ag 
oO 
Gt aig SS. 
t Pitz ri 
oun - SEATING PLANE | YY 
2 0.679( 17.247) as as zl + 0.023(0.584) o-5° 
x8 0.671( 17.043) 88 0.017(0.432) 
By ss 
au if 
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* 20 PIN ZIGZAG-IN-LINE PACKAGE-400 MIL 


a— 0.120(3.0480) 
0.112(2.8448) 

















l ! | 
Zo $ 
38 63 as 
a OG 8 g 
83 s 8 : 23 
oo << wwe Om 
gee cc 
| Sos $8 
iy | | OG 
Ls 
88 
= 0024(0.6096) | aa Bg = | ee 5 eae 
0.016(0.4064) | os | 0.009(0.2286) 3 
Seal 't— 0.100(2.5400) BSC 
1.036( 26.3144) 
1.024( 26.0096) ra 
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DESCRIPTION 

The HY524800 is the new generation dyna- 
mic RAM organized 524,288 words by 8 bits. 
The HY524800 utilizes CMOS process techno- 


logy as well as advanced circuit techniques to’ 


provide wide operating margins. Multiplexed 
address inputs permit the HY524800 to be pac- 
kaged in a 350mil 28 pin plastic SOJ. 

-The package size provides high system bit 
densities and is compatible with widely avail - 
able automated testing and insertion equipment. 
System oriented feature include single power 
supply of 5V+10% tolerance direct interfacing 
capability with high performance logic families 
such as Schottky TTL. 


RAS 
CLOCK 
GENERATOR 


CLOCK 
GENERATOR 


COLUMN 
DECODER 


ADDRESS BUFFERS 


OUTPUT 
ENABLE 





* Column address(Ap~Ag) is trapped in colun. 
address buffer at CAS falling edge. 


0 1/00 
© 1/0; 
0 I/O2 
° 1/03 


0 1/07 





FEATURES 


¢ Low power dissipation 
- Operating Current, 80ns > 115mA(max.) 
- TTL Standby Current =: 2mA(max.) 
- CMOS Standby Current : 1mA(max.) 
¢ Read-Modify-Write Capability 
* RAS-only, CAS-Before-RAS 
Refresh Capability 
* Common I/O capability 
¢ Fast Page mode capability 
* 1024 refresh cycles/16 ms 
* High reliability 350 mil 28 pin SOJ 
* Fast access time and cycle time (ns). 


"[ieiaore | rca | 


rh 








Max RAS Access 
Time, trac 





Time, tcac 
Less 





Max CAS Access 





Min Fast Page Mode 
Cycle Time, tpc 


Min Cycle Time, trac 














1 
2 
3 
4 
5 
6 
7 
8 
9 


=; a 
- oO 


ogy ky 
oO nN 


SOJ 


PIN NAMES 





RAS | ROW ADDRESS STROBE 





CAS COLUMN ADDRESS STROBE 





WE | WRITE ENABLE 





OE OUTPUT ENABLE 





AorAg ADDRESS INPUT 





VOo/07 | DATA INPUT/OUTPUT 





Vpp POWER(+5V) 











Vgg | GROUND | 
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HY524800 524,288 <8-Bit CMOS DRAM | 





ABSOLUTE MAXIMUM RATINGS 






Abit Temperate 





‘ 
Storage Temperature —55 to 125 t 





[Von | Votage on Von Relative Vag_SSSC*dSCC OS 
Pon Stent Cte Opt Gunes Cd 
Pe Pewee Disipaion Cd 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
(Ta=0°C to 70°C) 






re a aati s fi he ak hs 
ee ee P ; cme Foe : : 
* * 
. 
s. . 
eos . 





Be EEE EO rn ia BOR 


Supply Voltage 
Input Hight Voltage 
Input Low Voltage 


NOTE : All voltages are reference to Vsg. 


(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted) 


7 OV < Vin < 6.0V, All other 
Output Leakage Current for Dourt is disable, 
High Impedance State OV < VouT < 5.5V 
RAS, CAS, Address 
Vpp Supply Current, Operating : 2 
cycling, tac=trc(min.) 
| Ipp2 __| Vpp Supply Current, TTL Standby RAS=CAS=Vin 


Vpp Supply Current, RAS cycling, CAS=Vjn, 
RAS-only Refresh trc=trc(min.) 


Vpp Supply Current, RAS=Vi1, Address - 
Fast page mode cycling, tpc=tpc(min.) 
Vpp Supply Current, RAS, CAS. cycling 
CAS-Before-RAS Refresh trco=trc(min.) 

NOTES : : 


1. Ipp1 and Ippg4 depend on output loading, specified values are obtained with the output open. 
2. Ipp1, Ipp3, Ipp4 and Ippe depend on cycle rate. 


Bg 
ele lek [>| 





— 
Ww 


in| ON 
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: twcu Write Command Hold Time 


N 


HY524800 524,288 8-Bit CMOS DRAM 





AC CHARACTERISTICS 






| sympon | PARAMETER 


Random Read or Write Cycle Time 





[Pewe | Read-Modii- Write Cycle Time SSSSSC~s a tas [ats [28 [os | 20 | 


tec | Fast Page Mode Cycle Time ——=—SCS~—~—Ss—~—~sS—~ti as - | | - | ro | 2 | 
tprwc _| Fast Page Mode Read-Modify-Write Cycle Time | 90} - | 100} - | ns | 2,12 | 
imac | Ascos Time from RAS T= [7 [- ||» [as 
tcac__| Access Time from CAS |= | 20 | = | 2 | os [345] 
=o [ [as 
tcpa Access Time from CAS Precharge - | 45 | ns | 5 | 
Output Buffer Turn-off Delay 


ESAS So 27 2) 
tr Transition Time(Rise and Fall) 
tra: 








_— ww 











Ss RAS Pulse Width 
trasp RAS Pulse Width(Fast Page Read-Modify-Write) 


tRsH RAS Hold Time 
tcsH CAS Hold Time 
tc 


? ‘9 





—y 
sa |X ~Iiwn 





S 
AS CAS Pulse Width 
CAS Pulse Width(Fast Page Read-Modify-Write) 70 


8 
3 | | 


trcep RAS to CAS Delay Time 
traD RAS to Column Address Delay Time 
tcrp CAS to RAS Precharge Time 
[ tcp CAS Precharge Time 
IP stage Row Address Set-up Time 
Row Address Hold Time 








_— 
a) 
| 





bt 
o 
| 





— 
i) 














Column Address Set-up Time 


tRAH 
tasc 
| tcan | Column Address Hold Time 








— 
pee —_ — ~ 





15 





tcaH 
tar Column Address Hold Time referenced to RAS 50 55 
tRAL Column Address to RAS Lead Time 35 . 40 


bod 
bn tv | 
2 lS 3 
—_ 
Oo 


trcs Read Command Set-up Time 
tron Read Command Hold Time 


trRRH Read Command Hold Time referenced to RAS 





— 
nn 


trREF Refresh Period 


Column Address to WE Delay Time 


15 








— 
wn 





le 
Co 


_ y 
ae) — 
s/s 
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HY524800 524,288 8-Bit CMOS DRAM 


ican | GAS Setup Time(CAS Before RAS Gye) _—————~dtwo| - | | - | ms | 9 | 
tcun | CAS Hold Time(CAS Before RAS Gye) ——SSS~s is P= | a Ps | 
wee oes 


RAS to CAS Precharge Time 
RAS Hold Time referenced to OE. 


toga OE Access Time 
OE to Data Delay 
toss | OF Command Hold Time SSSCS~dCSS 
-twne | WE to RAS Precharge Time(CAS Before RAS Cycle) 
[twas | WE to RAS Hold Time(CAS Before RAS Cycle) 
NOTEs : 


1. 1024 refreshes are required every 16ms. A burst of eight consecutive refreshes are allowed to keep tpas= 16s average. A maximum of 128us between refreshes 
is allowed, however 16ms retention must be met. . 
2. All AC timings assume t7(max)=5ns. If the actual ty is greater than tT(max)s then the cycle times need to be greater than that specified by the amount each transition 
” exceeds tT(max)- HY524800 will support a tr up to 50ns. The transition time is defined between the Vjjy and Vy,. All timings are referenced to an Vy or 
VIH- 
3. tkcD(max) is specified as a reference point only. If tacD>tRCD(max) then this parameter is increased by the amount tpcp exceeds trCD(max)- 
4. trac; tcac, tad and tof, must be satisfied to guarantee access. Please check that all parameters are met for your application. ; 
5. Access assumes a load equivalent to 100pF. 
6. trap is specified as a reference point only. If trap» tRAC~tAA then the access is increased by the difference. 
7. This parameter defines the time at which the output achieves the open circuit and is not referenced to the output voltage levels. 
8. Data In Set up and Holds are measured from the later of falling signal CAS or WE 
9. tcp, tcsR, twRP; twRH all need to be valid for CBR users. : 
10. A Sns delta is used between Data reaching Hi Impedance and having valid Data In for these numbers. 


CAPACITANCE 
(Ta=0,C to 70,C, Von=5V+ 10%, f=1MHz) 
















SYMBOL | = =~ ~——. PARAMETER) 
Input Capacitance (Ap-Ag) 
Input Capacitance (RAS, CAS, WE, OE) ; 






Input/Output Capacitance(Data Input/Data Output) 
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HY524800 524,288 8-Bit CMOS DRAM. 


TIMING DIAGRAM 


READ CYCLE 


TRAL 


pods i TM JO ee MOTO 
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ALLL LL 








ROH ————__— | 








Of TLL 


tos tox 
<> =<_—P 


Viq— 
(40 Vv ) VALIDDATAIN HIGH-Z 
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HY524800 524,288 8-Bit CMOS DRAM 


WRITE CYCLE (OE CONTROLLED WRITE) 





+ —_— 
: tre ; 
t . mae 
= Vu— 
RAS <«—___ tan —_-_____» 
fee tcs# ————— > tcre 
—p tasH +» 
eae Viq —— 
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HY524800 524,288 < 8-Bit CMOS DRAM 


FAST PAGE MODE--READ. CYCLE 


CAS 


i/o 

















Vin - 
Vit 
tcrp 
pe | |<t-— trace 
ViH 
Vit trax 
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+ >| |<» 
VIH 


UY CED Uy ED Uy, Wie eS — 
os 









traces 
trcs 
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WALL, 















VOH 





VoL 


FAST PAGE MODE WRITE CYCLE 


CAS 


1/0 
































< eh an 
VI «< tan ——~_—_—_»> 
VIL 
|- {ec———_p 
tore 
a-e| |<«—trco —+ <-tcr —» 
ViH \\ <— tors ——> <—tcas——> 
- “a 
tasr tasc tcaH tasc toan 
—»}| |< | — | | |< <> | |< <>! |<—e 
vn — Rese KD sooness ///M sooness /L//ZR_ sooness W////////) 
trap | twcs | faye 
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twcs twcu tweu Hl i ear 
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; TPT] NLL 
M — TTA. XZ Ss KILN Ss KILL 





3-315 





HY524800 524,288X8-Bit CMOS DRAM 


_ FAST PAGE MODE READ-MODIFY-WRITE CYCLE 








VE == tap 
< tcsH ————_—_» 
« trrwe - Pe ey |e 
<—thcp —-» ter ; -<— tcrp——> 
CAS i earaar trap \\ <«— tcas ———_» <+—_tcas ———_> <—— tcas —__» y / 
| cl <i e- 


trax 
— 
tasc 


tasc tRAL 


tasr tcaH t 


tasc 
| |e 


mise | ae |e oe - ages 
pot TDR SOR 585 WT 585 LT RELL. 


<— towo ——_» 





« tawo > 
tacs. a tcpwo——r> 
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HY524800 524,288 < 8-Bit CMOS DRAM 


RAS-ONLY REFRESH CYCLE 








CAS-BEFORE-RAS REFRESH CYCLE 
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HY524800 524,288 X 8-Bit CMOS DRAM 


DEVICE OPERATION 


POWER ON/INITIALIZATION/POWER OFF 
After Vcc stabilizes, a pause of at least 500 
microseconds is required before initialization 





begin. During this interval, RAS must be inac- . 


tive) Vin). a minimum of 8 cycles are required 
to initialized the device. these must be either 
RAS-only or CAS-before-RAS refresh cycles, 
whose trp must be greater than 70ns. After the 
initialization cycles the device is ready for nor- 
mal use. 


PAGE MODE OPERATION 

The industy standard Page Mode for CAS- 
Before-RAS and RAS-Only REfresh, Early-and 
Late-Write, Read and Read-Modify-Write cy- 
cles are supported. 


ADDRESS CONTROL 

The Row Address is trapped with the falling 
edge of RAS, which is common for all modes 
of operation. This selects the word line to be 
used during the RAS cycle. The W/L selected 
cannot be changed without RAS going inactive. 

The Column Address(Ao~As) is trapped 
with the falling edge of CAS, for both the Read 
and Write operations. Each falling CAS allows 
a new Read or Write operation to occur on a 

selected new bit address on the same W/L. CAS 
| cycles may continue with new random ad- 
dresses trapped each time CAS falls, up to 
the limit of the RAS active time—tras. 

The CAS pulse must rise past the Vi value 
and remain at a Hi level for a specified time. 
Only one Write operation can occur while CAS 
is Lo. 

The device’s access is impacted by active 
RAS, active CAS, active OE, as well as valid 
address and inactive CAS. All conditions must 
be met in order to have a valid access. Therfore 
the Set Up time for column address may impact 
the device’s access. 








READ/WRITE CONTROL 

The state of the WE pin at CAS fall time de- 
termines the type of cycle the device will start 
to do. If WE is low when CAS falls, an Early 
Write operation is initiated. Because the device 
knows that a Write operation has be initiated, 
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the Off-Chip-Drivers will remain in high imped- 
ance for the entire CAS cycle and only allows 
one Write operation for each CAS cycle. 

If WE is high when CAS falls, a Read opera- 
tion is performed, and the OE pin will control 
the OCD impedance. The OE pin is indepen- 
dent of CAS, but does have an access require- 
ment. CAS and WE must not change state until 
Data Out is read. 

If WE does fall while CAS is still Lo, a Read- 
Modify-Write or Late-Write cycle will be initi- 
ated. In this case, the OE pin will control the 
OCD impedance. When WE falls, it will trap 
Data In information for the Write operation. 
The OE pin must be used for this cycle to guar- 
antee correct “hand shaking” on the I/O pin 
for Data Out and Data In control. Until Data’ 
Out is read and Data In is set up, Write must 
not go low. In this case, the Data In will be writ- 
ten on the same Column address which was 
trapped when CAS fell. CAS must remain Lo 
for a specified time after WE is Lo. and can not 
start another cycle until after a tamw cycle time 
has passed. 

The customer can mix the above cycle types 
as long as all other timings are obeyed. 


DATA IN CONTROL 

Data In is trapped when the Write cycle is 
initiated. For an Early-Write operation, CAS 
will be the trapping signal. During a Late-Write 





_ or Read-Modify-Write operation, WE will be 


the trapping signal. 


IMPEDANCE CONTROL 

The following signals are used to control the 
impedance of the OCDs ; OE pin, WE pin, 
RAS pin, and CAS pin. All pins must be in 
there proper state in order to drive DATA Out. 

With the OE pin hi, the OCDs are turned off 
and will maintain hi impedance. Thus DATA 
Out can be turned “off” by returning the OE 
pin to hi level. OE pin going lo will allow the 
Output Driver to be turned “on”, but only if the 
device is doing a Read operation (WE pin hi) 
and both the CAS and RAS pins are still lo. 

If CAS never falls(RAS-Only Refresh), the 
device will also maintain hi impedance. Data 
Out can be turned “off” by returning the CAS 
pin to hi level. 


HY524800 524,288 < 8-Bit CMOS DRAM 


If WE is lo when CAS falls, the device will 
maintain hi impedance. Data Out will not be 
turned “off” by returning the RAS pin to a hi 
level, but when RAS falls to start another cycle, 
the device will return to a hi impedance even 
if CAS had remained lo. Thus hidden Refresh 
is not supported. 





REFRESH CYCLE 

Because 512K X8 is a dynamic memory(data 
is represented by charge stored on a capacitor), 
each cell must be refreshed periodically to re- 


place charge leakage. Refreshing the entire chip 


NOTE : 
1. Refresh occurs whenever RAS is selected ; eg, Read or Write. 





requires sequencing through all 1024 row add- 
ress. This must be done within each 16ms Re- 
fresh interval. Two refresh methods are pro- 
vided. 

_Al RAS-Only Refresh uses a RAS select with 
CAS held high. The selected row address (Ao- 
A») must be provided to the device. 

A CAS-Before-RAS Refresh capability is also 
provided. If CAS is low at the time RAS is pull- 
ed low to initiate the Refresh, an on-chip Row 
Address Counter(RAC) will provide the next 
row address for the Refresh. No external ad- 
dresses are used. 


2. If both CAS & WE are low when RAS becomes active(low), the device will be forced into a test mode. Since some test modes may cause physical 


damage to the device, the above sequece is not allowed. Test modes are cleared by RAS-Only and CAS Before-RAS refresh cycles. 


PACKAGE INFORMATION 


¢ 28 PIN SMALL OUTLINE J-FORM PACKAGE —350 MIL 


16.5 
.650 





1.14—1.40 


_ 
[e555 
a Oe ee ON es Oc ee ee Oe ee oe 





.864— 1.067 


034-042 18 99-~18.69 
720-.735 





-381—.508 
Petal ETN Ane 
.015—.020 
584—.711 
.023—.028 








1.274.254 
.050+ .010 









NIT: 
UNIT INCH 
9.65-9.91 

M1OM)MO 
-380—.390 ON IOnic slo 
8.76—9.02 aan Wray Wd pa 


.345—.355 


7.62—8.64 
300—.340 
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MEMO 


HYMS5C8256 
HY MS8256A «orcercsseeseees seeks 
HYMS5C9256 fa 
HIYM59256A <tteeetteseeeeeeee soteneees 
HYMS581000 +++::---- 

~ HYMS581000A 
-HYM581000B 


© HYM591000 ssveereseterererseee Sale chi ; af | a ee Ae ‘ 
HYMS591000A «*++++-+++ ar Seve snaies i : (MASK ROM D SOR ic 
LEY MS84000A -ss2retdenctsedayosvveede ~ Pa 


FLY MS84000AL «etresercteeeneersanecees : ” . 69 4 eo oo 2 ae 
: “io; (~Ss«zEEPROM DATA SHEETS | _- | 7 


E 


SALES OFFICES | 








DESCRIPTION 


The HYMS5C8256M is a 256K words by 8bits 
dynamic RAM module and consists of eight 
HY53C256LF Fast Page mode CMOS DRAM 
in 18 pin PLCC package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22uF de- 
coupling capacitors are mounted under all the 
256K DRAMs. 

HYM5C8256M is suitable for easy inter- 
change and addition of 256K bytes memory. 


BLOCK DIAGRAM 


AgAg O 
RAS O 
CAS O 
WE O 


O DQ) a 


© DQ; Pale fine 


me 


“it 


M411202C-JAN92 


FEATURES 


* Fast Page Mode operation 
° Fast access time 






HYMS5C8256M-70 
HYMSC8256M-80 
HYMS5C8256M-10 





































HYMSC8256M-12 | 120 | 30 | 70 | 
* Single power supply of 5V+ 10% 
* CAS Before RAS, RAS only, Hidden Refresh. 
* Low power operating 

3.08W max. (HYM5C8256M-70) 

2.64W max. (HYM5C8256M-80) 

2.20W max.CHYM5C8256M-10) 

1.98W max. (HYM5C8256M-12) 
¢ TTL compatible inputs and outputs 
* 256 refresh cycles / 4ms 


PIN NAMES 





Ao-As ADDRESS INPUTS 
DQo-DQ;_ | DATA INPUT/OUTPUT 




















RAS ROW ADDRESS STROBE 
CAS | COLUMN ADDRESS STROBES 
WE | WRITE ENABLE 

Vpp POWER(+5V) 











Vss _| GROUND 





La 
000 Ean 


it 
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HYMS5C8256 262,144X 8-Bit CMOS DRAM MODULE 


PIN CONNECTIONS 


HYMS5C8256M 


Vpp = (1) 
CAS (2) 
DQ = (3) 
Ao (4) 
Ay (5) 
DQ, (6) ; 
A2 (7) 
A3 (8) 
Vss (9) 
DQ2 = (10) 
Aa (11) 
As (12) 
DO; = (13) 
Ag (14) 
Az (15) 
DQ, (16) 
As (17) 
NC (18) 
NC (19) 
DOs (20) 
WE (21) 
Vss (22) 
DQg (23) 
NC (24) 
DQ7 (25) 
NC (26) 
RAS (27) 
NC (28) 
NC (29) 
Vop (30) 





NOTES: 
1, Common CAS control for eight data-in and data-out lines (DQg9-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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HYMS5C8256 262,144X 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 


7 SYMBOL - PARAMETER RATING... ~ 
Ambient Temperature 0 to 70 
°C 


Storage Temperature —55 to 150 
























Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 


Voltage on Vpp Relative to Vss —1.0 to 7.0 


TO Power Dissipation 










NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 








PARAMETER 
Supply Voltage 
Input High Voltage 
Input Low Voltage 




















NOTE : All voltages are reference to Veg , 


DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted. ) 


SYMBOL PARAMETER TEST CONDITIONS -_| SPEED. HMSCESOM UNIT | NOTE. 
Tard Input Leakage Current(any input pin) Vss < Vin < Vop 80 pA 
10 yA 
560 
480 








: 




















leo | Output Leakage Current for Vss < Dout < Vpop 
a High Impedance State RAS, CAS at Vin 











Ipp1 Vpp Supply Current, Operating tac=trc(min.) 




















RAS, CAS at Vin 
other inputs > Vss 


Vpp Supply Current, ‘ 
ae trc= in. 
tops RAS-only Refresh Re tnctatin) 


Ipp? Vpp Supply Current, TTL Standby 














Vpp Supply Current, 
Fast Page Mode 


Vpp Supply Current, RAS > Vpp—0.2V, CAS= 8 oe 
CMOS Standby | Vin, other inputs > Vss | 
eS . 





Minimum Cycle 











Vow Supply Current, j-30 | | 480 | 





mane ees = in. mA 
CAS-Before-RAS Refresh trc=trc(min.) -=10 | | 400 ‘| 

‘ Vot Output Low Voltage lot =4.2mA 0.4 Vv 

Output High Voltage lon=—5SmA 24 Vv 


NOTES : 
1. Ipp is depends on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 


2. Ipp is depends upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode.: 
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HYMS5C8256 262,144X 8-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 








+ 


D1 tas [RAS Pulse Width ———SSS—S=*| «20. [10K | 80 | 10K | 100 | 10K | 120 | 10K] ms |_| 
ras{ as} ns | 


(T,=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 





[3 ter [RAS Precharge Tine _——SCSC~sS ss] ws] st | 


4] tse [Row Address Setup Tine ——S«d | | of | of | 
[5 tan | Row Address Hold Time | is[ | as|_fis[ [|_| 
é] tem | Column addres wo RAS Lead Time | as] [| | s| | s} [ws] 
| s[m[ 0 | >| @ 


Pa tse [Column addres Serup Tine _——~it af | of | 0) 
ican | Column addres Hold Time [asf _[as| | 
“inco [RAS CAS Dewy _———SS~S~ és Pw as | wa | 
DO 
ina [Aecese Time From Cohvan Adds | 

rtcae[Accest Time from CASS Cd 


vt ft] ot 
& lw] 
- 


25 














| | 
RAS Hold Time | is] | 20 25 
Per eee aC eT 
fe eon se ao 
| tern | Read Command Hold Time Referenced to RAS | s{ [| s{ [ss] 
eer ae 
0 


— 
~ 


y 
7 








torr Output Buffer Turn Off Delay zy 
P Write Command Pulse Width 
CAS Precharge Time 


2 | 
poor 


tw 
tcp 
Write Command Set-up Time 
Write Command Hold Time % 15 

| tps _| Data In Set-up Time 0 

| ton | Data In Hold Time 15 = 
| tone _| 


tour | Data In Hold Time Reference to RAS | 55] | 
30 | tcpa Access Time from CAS Precharge | | 4s | 


: 
Ne 

















Y N 
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3 7 a 
: st] 
ee 
ime From RR al 











jas | 7 
|| ss | 
30 | ns 8 
ns 
ns 
ns 
ns 9,10 














HYMS5C8256 262,144X 8-Bit CMOS DRAM MODULE 














Fast Page Mode Cycle time pe 70 

trwL | Write Command to RAS Lead Time psf Tol Tel Tol 

cam Write Command to CAS Lead Time BL 30 | | 3s] of as | 

 teec | RAS to CAS Precharge Time ratte | of fas[ | 
as [ere EAS Seep Tine, C8 baw KAS Rah 0 Pelt 
CAS Hold Time, CAS before RAS Refresh a 25 paps 30 =} 
Transition Time(Rise and Fall) 3 | 25 | 25] 3] {ns | | 
Refresh Interval(256 cycle) 4 4{ | 4[ms] | 


NOTES : 
1. Operation within the tp ap(max.) limit insures that trac(max.) can be met. tprap(max.) is specified as a referenced point only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by ta, and tcac. 
2. Operation within the tacp(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only. If trcp is greater than the specified 
trcp(max.) limit, then the access time is controlled by tc ac. 
. Assume trap < trap(max.). If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds trap(max. ) 
. Assume trcp < tacp(max.). If trp is greater than tpcp(max.) then trac will increase by the amount that tpcp exceeds tpcp(max.) 
Measured with a load equivalent to two TTL loads and 100 pF. 
. Assumes that tpcp > tacp(max.) and trap < trap(max.). 
. Assumes that tpcp < tpcp(max.) and trap 2 trap(max.). 
. Either tRRH Or tpcH must be satisfied for a read cycle. 
. (OFF define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
10. twcs is not a ristrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twos > twcs(max.). the cycle is an early: 
write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 
11. tps and tpy are referenced to the latter occurence of CAS or WE 
12. Access time is determined by the longer of ta. tCac: tCPA, 
13. ty is measured between Vjy(min.) and Vy_(max.). 
14. AC measurements assume tr =Sns. 
15. An initial pause of 200s is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS- 
only refresh). 8 initialization cycles are required after extended period of bias without clocks. 
































Ce PNAMH SW 


CAPACITANCE 
eee C, Vopn=5V+ ey Vss=O0V, unless otherwise noted 

















Input Gacdtians(AgAs WE, CAS, RAS) 
I/O Capacitance(DQo-DQ7) 
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HYMSC8256 262,144 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 
READ CYCLE 
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Vin — +—_____—_———--ta AR(23) 
Vi 


tasr(s) |e 
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HYMS5C8256 262,144 8-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE 


CAS 
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Vi << tcar (6) 
Vir 
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HYMS5C8256 262,144 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 








<¢——————— RP (3) ————__» 
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tens Vi 7) y wena X77 LLL LLL 
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pee Vin —— : 
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Vi 


DQ ra ncn HIGH-Z 
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<tc) —___» 

Vin —— 
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Vit 

+——> | tH12(20) 

VoH —— 
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HYMS5C8256 262,144 8-Bit CMOS DRAM MODULE 


HIDDEN REFRESH CYCLE -(READ) 













RAH(5) t 


om DEE KBE KTITITITITITT LIT 


as 


we TTT TT} RLLLLLLLLLLLLLLLLALLL LLL. 





HIDDEN REFRESH CYCLE (WRITE) 
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HYMS5C8256 262,144X<8-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


: cil 
RAS 
ft 
tesnas . + trsH(15) OO 
: <+—— P1122) —> } | <—_—_————————tcas(14) ——_> 
CAS Vin 
Vin —— 
AowAs : —7/)/ "ys 
READ CYCLE | ne ss 
ies Pal: 
a 0, Pass | (ny eens pre 
a Vie — y, 
wy TLL Ms 
= trcn(17) —> 
WRITE CYCLE 


™ “— WT WLLL, 


Vin 


DQ _ 
Vii 





HYMS5C8256 262,1448-Bit CMOS DRAM MODULE 
Sa AE MS a I aS a a 


PACKAGE INFORMATION 


HYMS5C8256M 


UNIT : mm 





* DETAIL OF CONTACTS 


soil VE IE 
| 





“ll 


MEMO 


“HYUNDAI 


SEMICONDUCTOR 


HYM58256A 


256K X 8-Bit CMOS DRAM MODULE 





DESCRIPTION 


The HYMS58256AM is a 256K words by 8bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY534256J 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS58256AM is suitable for easy inter- 
change and addition of 256K bytes memory. 


BLOCK DIAGRAM 





M451201B-OCT91 


FEATURES 


* Fast Page Mode operation 
a 


Rte le le 
__Hyse2sea-o | 60 | 20 | 40 
HYMs82564-70_ | 70 | 20 | 40 





—wvseascaio | 100 | 2s | ss 


* Single power supply of 5V+ 10% 
* CAS Before RAS, RAS only, Hidden Refresh. 
* Low power operating 
0.99W max (HYM58256AM-60) 
0.88W max (HYM58256AM-70) 
0.77W max (HYM58256AM-80) 
0.66W max (HYM58256AM-10) 
¢ TTL compatible inputs and outputs 
¢ 512 refresh cycles / 8ms 


PIN NAMES 


[mS [ROW ADDRESS STROBE | 
We wane | 
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HYMS8256A 262,144 8-Bit CMOS DRAM MODULE 
La LE Ae TO EL I A I ET a EO A 


PIN CONNECTIONS 


HYMS58256AM 


Vop a) fO 
CAS) 2) JO 
DQ (3) [0 
Ao 4 10 
A, 6 19 
ba, 6) IQ 
A2 (7) JO 
A3 (3) IO 
Vss (9) 10 
DQ, ao) {0 
Aa ant 
As (12) {0 
DO3 a3) 70 
As 4) 10 
Az as) 10 
DQ, (16 410 
Ag a7) JO 
NC as) 10 
NC (19) {D 
pos, (20) (0 
WE (21 10 
Vsg (22) [OD 
DOs (23) {0 
NC (24) 10 
DQ; (25) {0 
NC (26) JO 
RAS (27) 10 
NC (28) [0 
NC (29) {0 
Voo (30) O 





NOTES : 
1, Common CAS control for eight data-in and data-out lines(DQgDQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQg-DQ7). 
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HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 


“SYMBOL. © 0) PRRAMETER |) RATING 
Ambient Temperature 0 to 70 


































Storage Temperature(Plastic) —55 to 125 


a 


Voltage on Any Pin Relative to Vss — 1.0 to 7.0 


ae Short Circuit Output Current 50 
Power Dissipation 1.2 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 




















RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 
































“PARAMETER | MIN. =| TYP. 
Supply Voltage : 4.5 | 5.0 
Input High Voltage 2.4 | = 
Input Low Voltage ! —1.0 | oe 








NOTE : All voltages are reference to Vsg. 


DC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 





























































































































SYMBOL PARAMETER —S~S~S~sSTEST. CONDITIONS _| SPEED 
Tus | Input Leakage Current(any input pin) | Vss.< Vin < Vpp 
hie Output Leakage Current for Vss < Dout < Vpp 
High Impedance State RAS, CAS at Vin 
—60 180 
Ippi Vpp Supply Current, Operating trc=trc(min.) aoe 1) mA 1, 2 
-80_| 140 
—10 | 120 
Ipp2 Vpp Supply Current, TTL Standby pres: ane 4 mA | 
-o | ‘| 180 
ae Vop Supply Current, fec=inel min) —70 160 aa F 
RAS-only Refresh = 80 140 
—10 120 
fj —<3- ==] —60 140 
ie Vpp Supply Current, Minimum Cycle —70 | 120 ag iS 
Fast Page Mode 3 —80 | 100 | 
: -10 | | __80 | 
~ Vpp Supply Current, RAS > Vpp—90.2V, CAS= 2 ene 
Tops CMOS Standby Vin, other inputs > Vss 
; —60 | [10 
Ippe pep neey Sue - trc=trc(min.) ae | = mA 2 
CAS-Before-RAS Refresh | —80 140 
. —10 120 
Vo. | Output Low Voltage lo. =4.2mA o4 | Vv 
Von - Output High Voltage Ion= —5mA 2.4 i Vv 
ae 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
2. Ipp is dependent upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in fast page mode. 
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HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 
a aT ee] 


AC CHARACTERISTICS 
(Tx=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) 




















# |SYMBOL| - PARAMETER) | | 0 80: NIT| NOTE 





“fice [RAS Puke wan ————S—S*d ask) 70 [asc] [85x] 100 [os] os | 
ic [ Reod or Wete Gye Tine a0] wt faso oo | 
ip [RAS Precharge Time SSS | wwf 


tasR Row Address Set-up Time Deca i el 
| 40 | 


tRAH Row Address Hold Time | | 10 | 
tra _| Column Address to RAS Lead Time || 35 | 


trap RAS to Column Address Delay Time | 40 | 20 | 
tasc Column Address Set-up Time | | ot 
set 
10] trep RAS to CAS Delay 
ts a 
12] taa Access Time from Column Address 30 | | 
= 


13 | tcac Access Time from CAS 


14| tcas _| CAS Pulse Width | | 20) 


15| trsx | RAS Hold Time 
17] tren | Read Command Hold Time Referenced to CAS | 0. 


16] tres Read Command Set-up Time 
18 | trru Read Command Hold Time Referenced to RAS | o| 
19 | tcrp CAS to RAS Precharge Time 


























Ni y)= YY 





























Y wil a} wn wn 


Yin N N 
nn 


“I nn 
































Nin ~! bo | 
we 
~ ris 






































20| tz CAS to Output High Impedance _ 0} 20 0 
21| twe | Write Command Pulse Width “15 | 15 
‘Zi tcp CAS Precharge Time 10 10 
23} tar Column Address Hold Time from RAS 50 55 
24 | twcr Write Command Hold Time from RAS | 50 = 55 
| 25 | twcs Write Commnad Set-up Time 0 0 ns 
/26| twen | Write Command Hold Time 15 15 ns 
27 fee Data In Set-up Time 0 0 ns 
| 28 | tpH Data In Hold Time 15 15 ns 
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HYMS58256A 262,144X8-Bit CMOS DRAM MODULE 











29| tone | Data-In Hold Time Referenced to RAS Pa eee tae 
Access Time from Column a | | 3s} | 3s{ | 40} | so] ns | 12 | 
[31 | tne [Fast Page Mode Read or Write Qeieame | | || |s] |s| [mw] 
[iis Gmod eine [a rol fol fate 
r33] tcwn | Wate Command w GAS Lead Time | | 0 |m| | | | [=| _| 


3 tec [ RS OS Pst Tne BEGEGEE re 
CAS Set-up Time(CAS Before RAS Cycle) | 5 | | ns | | 

CAS Hold Time(CAS Before RAS Cycle) 
37 | tr Transition Time(Rise and Fall) | 3/50| 31 50[ 3/50] 3] so[ ns | 13 | 
Refresh Interval(512 Cycle) | | st | sf | sf | 8 | ms] 
RAS Pulse Width(Fast Page Mode) <0 | too | 20 [toon “eo [rooxt 100 [rook] me |] 
CAS Precharge Time(CBR Counter test cycle) | 55 | [65] | m] | ss} [ns] 8 | 
0 0 0 0 ns| | 


CAS to Output Low Impedance 


















































NOTES : 


1. Operation within the trap(max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by taa and tcac. 

2. Operation within the tacp(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only. If tpcp is greater than the specified 

trcp(max.) limit, then access time is controlled by tcac. 

. Assume tRAD < trap(max.), If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds traD(max.)- 

. Assume trcp < trcp(max.), If trcp is greater than tacp(max.) then trac will increaes by the amount that trcp exceeds taep(max.). 

. Measured with a load equivalent to two TTL loads and L00pF. 

. Assumes that tpcp > trcp(max.) trap < trap(max.). 

. Assumes that tpcp < trcp(max.) and trap < trap(max.). 

. Either tary or tpCcH must be satisfied for a read cycle. 

twcs is not restrictive operating parameters. This is included in the data sheet as electrical characteristics only. If twcs > twcs(min), the cycle-is an early write 

cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. 

10. tps and tpp are referenced to the latter occurence of CAS or WE. 

11. tyyz define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

12. Access time is determined by the longer of tga, tcac Or tcpa- 

13. ty is measured between Vj_y(min.) and Vy, (max.) and AC Measurements assume ty=5ns. 

14. An initial pause of 200s is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS- 
only Refresh). 8 initialization cycles are required after extended periods of bias without clocks. 





Ww ONA MA Pw 


CAPACITANCE . 
(Ta=25°C, Vop=5V+ 10%, Vss=OV, unless sacablilans noted.) 
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HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 


READ CYCLE 
Pare Vie — 
RAS io 


tasrra, ae 


Ao-Ag 
=— Viq— 
CAS a 
ne Vin —— 
WE Vi 
Vox —— 
DQ 
Vor => 


EARLY WRITE. CYCLE 


RAS em 
Vi 
tasria) | 

Vin 

Ao-Ag Vi 
CAS 

Viq—— 
WE 
DQ 
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(4:23) 


+ transys 


ve — LD row nooress /////)X _ ssoness TTT 


= tRao(7) > 





LLLLLLLLLLLLLL) 


+ 








trei2) >. 


trasi) : 
+ trei3; ————_» 
<< _ frig) ——__»> 
+» 
toaHi9) 










tRRHi8, 


CITT 





= teaci3; > j + — treH(7)—> 


















tari23) 





é VALID DATA OUT 











trci2) 








( COLUMN ADDRESS 9 


<— tang) > 








HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 
(a ew pF I TT a 


FAST PAGE MODE READ CYCLE 














































tres) 
at trasP(3g) $f id } 
Vin —— << tcar(6)———» 
RAS 
Vip 
torpri9) <+—_trsHis) —> 
—» tec(st) 
+ trcoi10) < tcasy14; —> + tcasyi4) —> 
Vin —— 
CAS = 
Vit 
a} tcaHig) 
tasr(4) > <——_— 
Vin eS COL ¥f 
fo-An vy, MB) MESO MILLLLLLLLLLLL.. 
+ trcsi6) mak + tari) 
tacH(17) > ——} | tru) 
Wee oe \/ hy! LILI LLLLL 
WE Vil + tcac(ig, —> = teaci13) > ’ + tcaci3)—> 
taaci2,3—— taaci2) — 
—— tracin mad topacso) —— 
+ tz (20) <— tyzi20) +—\ tnz:20) 
Von —— ALID 7 VALID 
Da Si me UY, Wi, Say 
vee / Apatay V JANATA x / /Abatay 
Saran toLziat teLz141 
FAST PAGE MODE EARLY WRITE CYCLE 
tars) 
« trasP(3g) 
Vie 
RAS 
Vic 
tcrPpii9) ain + fia) 
<— tacoiio) -->|<+— tcas(14) —> +— teasyiay—]} + — teasiia) —> 








CAS ipo 
Vi traHis) 
Ving —— L 
wa THY : EXON SUL see ZZ. 











ae = au rae a MMU 


twp(21) > twat]. 









oe > 







tawt(32)————» 





ton(28) toHi28) 
<_—__> 


tos(27) <>} | +e] to(28) 


CLLLLLL) 






















tos(27) +> 
View —— (/ . : 
DQ v § VALID DATA IN }} / PR VALID DATA IN YJ (} VALID DATA IN ) 
ae 
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HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 








traci) 


<< taP(3) ——_» 





Vin _ ————— tag ee 
RAS mahal 
Vit 
Pa Vin 
Ao-Aa 

+—> | tcrPiig) 
paeer Viq —~ 
CAS = 
Vit 

Vou —— 

DQ ee i HG H1-2 
OL 


CAS-BEFORE-RAS REFRESH CYCLE 










Vi 
RAS 
Vin 
> trpcis4)—> 
tcp(22) tosri3s: ? 
« | a ———_— tH 36) ———_—_ 
CAS 
DQ 
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HYMS58256A 262,144X 8-Bit CMOS DRAM MODULE 


HIDDEN REFRESH CYCLE (READ) 

















a BEIT 
= IN), TTT, 
cq Yok ct ST 


terza1 


—e) | —_—_—__—__— — 
tras) ————- > | | tray taasin 





ASC(8) 


sor TNE KNB KILL 


twori24) 








= SIN | mT 


tosi27) 


co LTT oxen TLL 
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HYMS58256A 262,144 8-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





RAS Vi —— 
Vi 
tesri3s; | = 
<+—e| |<——_tc yl ley ep | ee te gh 
CAS Vin 
Vin , 
wn “WI WLLL 
' READ CYCLE | 
oom ES = 
: <— trcsiie:—> = >} tania) 
am Vin y, 
WE DML LLL . WNL: 
: << ItacHa7) > 


WRITE CYCLE — 


* #— iweses, 


m= DLL ||" “ATE 
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HYMS58256A 262,144 9-Bit CMOS DRAM MODULE 
a a a a a A SS Fe 


PACKAGE INFORMATION 


























HYM58256AM 
UNIT : mm 
5.08MAX 
oP 
16.5MAX 4 
10.16 | a 
| Ss 
— +t! 
4g 
N 
1.78MAX | —» | |<—_ 
5.59 73.66 1.27+ 0.08 








* DETAIL OF CONTACTS 


cs “it aie 
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MEMO 






DESCRIPTION 


The HYM5C9256M is a 256K words by 9 bits 
dynamic RAM module and consists of nine 
-HY53C256LF Fast Page mode CMOS DRAMs 
in 18 pin PLCC package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22uF de- 
coupling capacitors are mounted under all the 
256K DRAMs. 

HYMSC9256M. is suitable for easy inter- 
change and addition of 256K bytes memory 
with parity RAM. 


BLOCK DIAGRAM 


oo [HE] fho oa, 


256K X9-Bit CMOS DRAM MOI 
M421202B-OCT91 


FEATURES 


* Fast Page Mode operation 
* Fast access time 


wes oe ee ae 











HYM5C9256-70 
HYMS5C9256-80 
HYMS5C9256-10 
HYMS5C9256-12 
* Single power supply of 5V+ 10% 
* CAS Before RAS, RAS only, Hidden Refresh. 
¢ Low power operating 
3.47W max. (HYM5C9256M-70) 
2.97W max.(HYM5C9256M-80) 
2.48W max.(HYM5C9256M-10) 
2.23W max. (HYM5C9256M-12) 
¢ TTL compatible inputs and outputs 
° 256 refresh cycles / 4ms 























PIN NAMES 


ADDRESS INPUT 

DATA INPUT/OUTPUT 

DATA IN PARITY 

DATA OUT FOR PARITY 
ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
CAS FOR PARITY 

WRITE ENABLE 

POWER( +5V) 
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HYMS5C9256 262,144X 9-Bit CMOS DRAM MODULE. 


PIN CONNECTIONS 


HYM5C9256M 


Voo (1) 
CAS (2) 
DQ (3) 
Ao (4) 
Ai (5) 
DQ, (6) 
A2 (7) 
A3 (8) 
Vss (9) 
DOQ2 (10) 
Aa (11) 
As (12) 
DQ3 = (13) 
Ag (14) 
Az (15) 
DQ, ~° (16) 
Ags (17) 
NC (18) 
NC (19) 
DQs (20) 
WE (21) 
Vss (22) 
DQ.sg (23) 
NC (24) 
DQ7 (25) 
PO. (26) 
RAS (27) 
PCAS (28) 
PD (29) 
Vop (30) 





NOTES : , 

1. Common CAS control for eight data-in and data-out lines (DQo-DQ7). : 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. : 

3. The common I/O feature dictates-the use of only early write operations to prevent contention on data-in and data-out(DQg-DQ,). 
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HYMS5C9256 262,144 9-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM’ RATINGS 










~ SYMBOL RATING © 
0 to 70 


' TstG Storage Temperature —55 to 150 


Voltage on Any Pin Relative to Vss —1.0 to 7.0 
Voltage on Vpp Relative to Vss —1.0 to 7.0 
T 









Ambient Temperature 




















NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 






Power Dissipation 








RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 





























SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
Supply Voltage 4.5 5.0 5.5 V 
Input High Voltage 2.4 = Vppt 1 Vv 
Vit Input Low Voltage —1.0 aE 0.8 Vv 





NOTE : All voltages are reference to V.., 


DC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 








































































































: ae : HYMS5©9256M 
SYMBOL PARAMETER — TEST-CONDITIONS SPEED | io UNE | NOTE 
= : : MIN. + MAX. | | : 
; : a = r T 
| Tur | Input Leakage Current(any input pin) Vss < Vin < Vop [ Ae 90 LA | 
lho | Output Leakage Current for Vss < Dout < Vpp 10 | uA 
sss High Impedance State | RAS, CAS at Vin | | ‘i 
—70 630 
+ + 
—80 540 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) ~10 t 450 mA 1,2 
Re 12 [ 405 
| RAS, CAS at Vin y 
‘ 18 A 
Ipp2 Vpp Supply Current, TTL Standby | idher inpuls:S Wee | m. 
lie ah . ~70 630 
Vpp Supply Current, on —80 540 ‘< : 
Dac t =t le: : a ia om | m 
Ipps RAS-only Refresh pc cea ~10 450 
| + 7 
| —12 | 405 
| —70 | 405 
| 
Vpn Supply Current, —80 360 
r Minimum Cycle (ef mA 1, 2 
Tops Fast Page Mode ” —10 315 
—12 270 
. Vpp Supply Current, RAS > Vpp—0.2V, CAS= 9 =o , 
Ipps CMOS Standby aa Vin, other inputs > Vss | 
+ —+ 
—70 [ 630 
Vpp Supply Current, tanta) — 80 540 é ‘ 
— —_— trc=t min. T m. 
Ips CAS-Before-RAS Refresh ceo =10 ae | 450 
—12 405 iz | 
Vor Output Low Voltage IoL=4.2mA | | 0.4 Vv L 
L_ Vou Output High Voltage “| fous Send | 2.4 Vv 





NOTES : 

1. Ipp is depends on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 

2. Ipp is depends upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 
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HYMSC9256 | 262,144 X 9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 





tT teas 


(T,=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 


oe 


oN 






RAS Pulse Width 


: Read or Write Cycle Time 


than 


e|=| 
ef 





17 


20 
21 
2 


23 


25 


Bg 
io 


27 
28 
29 








fe 


_ 
foo} 


g 


tase 


(RAL 
tRAD 
tase 
‘AH 
trcp 


RAC 


AC 


‘al 


wr win im) 


AS 
trsH 
tres 


(RCH 


tcrp 
torr 
twe 
tcp 
tar 
twcr 
twes 
twcH 
tps 
tpH 


tpHR 





Row Address Set-up Time 
Row Address Hold Time 








Column Address to RAS Lead Time 
RAS to Column Address Delay Time 


Column Address Set-up Time 
Column Address Hold Time 
RAS to CAS Delay 


Access Time from RAS 














Access Time From Column Address 





Access Time from CAS 
CAS Pulse Width —_. 
RAS Hold Time 








Read Command Set-up Time 


Read Command Hold Time Referenced to CAS 
Read Command Hold Time Referenced to RAS 


CAS to RAS Precharge Time 
Output Buffer Turn Off Delay 


Write Command Pulse Width 


CAS Precharge Time 


Column Address Hold Time From RAS 
Write Command Hold Time From RAS 
Write Command Set-up Time 

Write Command Hold Time 

Data In Set-up Time 





Data In Hold Time 
Data In Hold Time Reference to RAS 


| 30 tcPA Access Time from CAS Precharge 
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tcw. | Write Command to CAS Lead Time | 20] | 2] . [30] [3s] [as] | 
[Sw CAB Pech Tie 5 ee a 
tcsr | CAS Set-up Time, CAS before RAS Refresh fio] [| wl] | wl | 0] [ns] | 
tcur | CAS Hold Time, CAS before RAS Refresh | 20] | 2] | 30] | 4] | | | 
tr _| Transition Time(Rise and Fail) 25 | | 
38 | tre Refresh Interval(256 cycle) ba] fal] 4 | | 4], ms} | 











6 
3 
7 
i?) 


1. Operation within the tpap(max.)limit insures that tpac(max.) can be met. trap(max.) is specified as a referenced point only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by taa and tcac. 

2. Operation within the ta¢p(max.)limit insures that tpac(max.) can be met. trcp(max.) is specified as a reference point only. If tap is greater than the specified 

trcp(max.) limit, then the access time is controlled by tcc. 

. Assume trap < trap(max.). If trap is greater than tpap(max.) then trac will increase by the amount that trap exceeds tRap(max.) 

. Assume tr»cp < trcp(max.). If tacp is greater than tpcp(max.) then trac will increase by the amount that tpcp exceeds trcp(max.) 

. Measured with a load equivalent to two TTL loads and 100 pF. 

. Assumes that trcp > tacp(max.) and trap < trap(max.). 

. Assumes that trpcp < trcp(max.) and trap 2trap(max.). 

. Either tarp Or tpcy must be satisfied for a read cycle. 

. torr define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 

10. twcs is not a ristrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs > twcs(min), the cycle is an early write 
cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 

11. tps and tpy are referenced to the latter occurence of CAS or WE 

12. Access time is determined by the longer of taa. tCac. tcPA, 

13. ty is measured between Vyyy(min.) and Vy, (max). 

14, AC measurements assume ty =Sns. 

15. An initial pause of 200us is required after power-up and followed by at least 8 initialization cycles(any combination of cycles containing a RAS clock such 
as RAS-only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


wen AWN bw 


CAPACITANCE 
(T,=25°C, Vov=5V+ 10%, Vss=OV, unless otherwise noted.) 












ae ; ora a a ae Z ee TS PERSE SES R — oD = ae a 
Input Capacitance( Ao-As, WE, CAS, RAS) . . 






VO Capacitance DQ-DQ) 


Output Capacitance(PQ) 


Ee! 
[ene | tt Capactnee PD FCAS) id 
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ren 
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HYMS5C9256 262,144X 9-Bit CMOS DRAM MODULE . 
IN I BE 


TIMING DIAGRAM 
(CAS includes PCAS and CAS, Dix. includes DQo—DQ; and PD, Dott includes DQo— DQ: and PQ.) 








READ CYCLE 
trciay 
—— Vin — _ —_—__——— tani) 
RAS Ge —_-———@@_—— trast 
iL + ——-tap3)- > 
tasria a —_—_—_—__—— trai (6) ——__—__——> 


<— trans) —> 


mie Yara I UMMA 
= Haas | =e Ee | 


trcDr10) 


+" | tcania) 





tresi16) + teasyra; — 





tRAH(18) 


LITT LL. 


+—- treH(17) > 


wm a TNL) 







<= teacii3)— 
<q ——__— taaci2) ——___» 
AM | torr (20) 


‘ VALID DATA OUT 








DQ Voror= HIGH-Z 
Voi —— 








EARLY WRITE CYCLE 














: ‘eet trac) SS 
| 
-_— Vin —* t 
RAS 7 aes RAS(N ———e 
It 
. <————__—_ trp(3) ———__» 
tar(23) ————_____» 
tasr(a) <e— tRAH(s) —> 
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ry LLL LLL LLL LLL 


twcr(24) 
tos(27) |<} | <4 toHi28) > 
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FAST PAGE MODE READ CYCLE 


DQ 
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trast) $$ $f +» 

Viq — <+——_tcar (6) ——_> 
Viv 

asl, <¢— trsH(15) —> 
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tcp22) 
+ trcoiio) —@£ _ tcas(14, —]. |< | | «— toasqra) —> — tag(s) —> 
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RAS-ONLY REFRESH CYCLE 


RAS 


Ao-As 


DQ 
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HYMS5C9256 262,144 9-Bit CMOS DRAM MODULE 


HIDDEN REFRESH CYCLE (READ) 
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¢ : VALID DATA OUT 





HIDDEN REFRESH CYCLE (WRITE) 
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HYMS5C9256 262,144 x 9-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


; tris) 
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HYM5C9256 262,144X 9-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYMS5C9256M 
UNIT? mm 


5.08 MAX. 





1.78 |. —— ||" 


1.27+ 0.08 


* DETAIL OF CONTACTS | | 
0.25 wx} [J [] [| ; 4 
| 
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MEMO 


HYMS9256A 


256K X 9-Bit CMOS DRAM MODULE 





_ SEMICONDUCTOR 


DESCRIPTION 


The HYM59256AM is a 256K words by 9bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY534256J 
in 20/26 pin SOJ and one HY53C256LF in 18 
pin PLCC mounted on a 30 pin glass-epoxy 
printed circuit board. 0.22uF decoupling capa- 
citors are mounted under all the DRAMs. 

HYM59256AM is suitable for easy inter- 
change and addition of 256K bytes memory 
with parity RAM. 


BLOCK DIAGRAM 


256K X 4 


256K X 4 


256K X 1 








M451202B-OCT91 


FEATURES 


¢ Fast Page Mode operation 
° Fast Access Time 


wvwssaseam7 | 7 [20 | 30 
avmsnscamso | | 2s | 38 
avmsscaneo [0 | 2s | 
* Single power supply of 5V+ 10% 
* CAS Before RAS, RAS only, Hidden Refresh. 
¢ Low power operating 

1.26W max (HYM59256AM-70) 

1.10W max (HYM59256AM-80) 

0.93W max (HYM59256AM-10) 
¢ TTL compatible inputs and outputs 
¢ 512 refresh cycles / 8ms 






ADDRESS INPUT 
DATA INPUT/OUTPUT 


POWER(+5V) 
GROUND 
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HYMS59256A 262,144X9-Bit CMOS DRAM MODULE 


PIN CONNECTIONS 


-HYMS59256AM 


Vop (1) 


O 
CAS) 2) 1D 
DO (3) JO 
Ao 4 IO 
Ay (6) [Oo 
pa, «= «®) «IO 
A2 (7?) JO 
A3 (3) JO 
Vss @ IO 
DQ2 (10) {J 
Aa ani 
As a2) 10 
DQ3 43) [0 
Ag aaig 
Az as) JO 
pa, 3 (16) jO 
As a7) JO 
NC as) {0 
NC as 1D 
DOs (20) {0 
We (2110 
Vss (22) (0 
DOs 23/0 
NC 2410 
DQ, 25) 10 
PO (26) JO 
RAS 2710 
PCAS (28) 10 
PD. aalO 
Vop (30) fO 





NOTES : 

1. Common CAS control for eight data-in and data-out lines (DQg-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ7). 
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ABSOLUTE MAXIMUM RATINGS 















































‘sympor | PARAMETER Lo | RATING 
Ta Ambient Temperature z 0 to 70 
Tstc Storage Temperature(Plastic) —55 to 150 
a ere 
Vm, Vout Voltage on Any Pin Relative to Vss = —1.0 to 7.0 
bes Vpp Voltage on Vpp Relative to Vss —1.0 to 7.0 
los 2 Short Circuit Output Current an 50 
Py Power Dissipation 1.8 








NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 


| SYMBOL. PARAMETER fi 
Supply Voltage 
a H Input High Voltage 
| Vn Input Low Voltage -1.0 


NOTE : All voltages are reference to Vss. 




















DC CHARACTERISTICS 
Heme to70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted. : 


TEST CONDITIONS 


Input Leakage GarentCany input pin) | Vss < Vin < Vop 





Output Leakage Current for Vss < Dout < Vpp 
High Impedance State RAS, CAS at Vin 














[= es ae 


—80 200 mA 1, 2 
| ee 
—10 | 170 | 


~ | RAS, CAS at Vn 7 





Ipp1 Vpp Supply Current, Operating trc=trc(min.) 





























Ipp2 Vpp Supply Current, TTL Standby other inputs: >. Vas 6 mA 
Von S WC t —70 ue 230 
ul urren 
ene eae ii tro=tac(min.) ~80 200 | mA | 2 
RAS-only Refresh T 
| [ —10 170 | 
—70 165 r , 
I Meru iene Minimum Cyc! i 80 140 | mA | 1,2 
ne Fast Page Mode Nenana — x R 
Es 10 115 | 
; Vpp Supply Current, RAS > Vpp—0.2V, CAS= | 3 cai 
PB? CMOS Standby Vin, other inputs > Vss 
—70 230 








Vpp Supply Current, 


Tops CAS-Before-RAS Refresh trc=trc(min.) Be ” _ a 
; | ~10 | 170 
V. | tou 4.2mA = a _| Vv 7 








OL Output Low Voltage 
Vou Output High Voltage Ton = —5mA 2.4 Vv 


NOTES : 

1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 

2. Ipp is dependent upon the number of address transitions. Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in 
fast page mode, 
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HYMS59256A 262,144 X9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
(Tra=O0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 






oe 
be 





| 4 RAS Pulse Width 
RC Random Read or Write Cycle Time 


MA) 
3 70 | 10K | 
| 30 | 
RAS Precharge Time | so{ | 
| 4 ‘ASR Row Address Set-up Time | of | 
Le cst 
as 





we 
| RYSY TE 
3 a 
3 
. 


5 Row Address Hold Time 





tRAL Column Address to.RAS Lead Time 


|| 
i 
| 
fsa 
RAS to Column Address Delay Time | 20 | so | 20 | 60 | 
is ed 
| 60 | 
| 80 | 
| 40 | 
| 25 | 





traD 
| 8] tasc | Column Address Set-up Time 
| 9] tcan | Column Address Hold Time 





S 
“I “i 
a rn x 


» 
> 
th 





NN] ty Ninl= ~ 


E 
Oo 
Ad 
NI 








= 
oy Eos 

: i 

ria tens [CAS Pate Wiath———SSSSCS~Cia 

15] ox [RAS Had Time Cid os | dos | | oo] | 
'16| tacs | Read Command Saeup Tins =i | a (a 
1 Ts 

nm 

E as 

20] a 

2 








tRcH Read Command Hold Time Referenced to CAS 
Read Command Hold Time Referenced to RA 
tcrp | CAS to RAS Precharge Time 








CAS to Output High Impedance 


Write Command Pulse Width 



































i pi a ee 
tcp CAS Precharge Time 15 15 20 

23| tar | Column Address Hold Time from RAS 55 60 75 oo 
[4 twcr | Write Command Hold Time from RAS 55 60 75 fins | | 
25 \ twes Write Commnad Set-up Time 0 0 | of ja] 9 | 
26| twcn | Write Command Hold Time 15 15 20 li 2 
27 tps Data In Set-up Time 0 0 0 2h 
28] tpn _ | Data In Hold Time 15 15 20 | ns | 10 | 
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ECS 
ok eee 


[a1 [tee [Fast Page Mode Read or Waite Cycle Time | @ | [=> [| [a] | 
ie | ett oar as oe el 

3) to [We comet ae FP asf] 

Vtmrc [RAS fo CAS Precharge Time __———~+| 0 | | of | o| [wm 

35 [ean [CAB Sern Tine OHS Bere RABE GN [spss a 

36 tom |S Ht Tn ES Be FS Gn) [an [Las [Fo Pw 


Transition “Fime(Rise and Fall) 










































NOTES : 
1, Operation within the tpap(max.) limit insures that tg 4c(max.) can be met. tpap(max.) is specified as a reference poiri only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by taa and tcc. 
2. Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only. If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 
3. Assume trap < trap(max.), If trap is greater than tpap(max.) then trac will increase by the amount that trap exceeds tRan(max,): 
4. Assume trcp < trcp(max.), If tacp is greater than tacp(max.) then trac will increase by the amount that tacp exceeds tpcp(max.). 
5. Measured with a load equivalent to two TTL loads and 100pF. 
6. Assumes that tpcp = trcp(max.) and ea < trap(max. ). 
7. Assumes that tpcp < trcp(max.) and trap < trap(max.). 
&. Either tprH Or tracy must be satisfied for a read cycle. 
9. twecs is not a restrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twos > twcs(min), the cycle is an early 
write cycle and the data-out pin will remain open circuit (high impedance) throughout the entire cycle. 
10. tps and tpy are referenced to the latter occurence of CAS or WE. 
11. tyyz defines the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. 
12. Access time is determined by the longer of tag, tCAc or tcpa- 
13. ty is measured between Vjy4(min.) and Vj_(max.) and AC Measurements assume ty =5ns. 
14. An initial pause of 200us is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS- 
only Refresh). 8 initialization cycles are required after extended periods of bias without clocks. 


CAPACITANCE 
ree Vpp=5V+ ibe Vss=O0V, unless otherwise ately, 
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TIMING DIAGRAM 
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FAST PAGE MODE READ CYCLE 
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RAS-ONLY REFRESH CYCLE 
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HIDDEN REFRESH CYCLE(READ) 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





oe taps) 
7 
; tcsAias) fe ee eS 
| (ee Th — te ;40) —e | | <_—————teas14) ————»> 
om | (YH , 
— ee i 
rots 77) LMWLL 
READ CYCLE | 
<— ICAC(13) —; | 1HZ(20) 
a OX woom |} 
a Vin —_ . :, 
WE LULL LLL: 
<= tRCH(17) — 
WRITE CYCLE 
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ve \\— LLL |" TTL 
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PACKAGE INFORMATION 


UNIT : mm 


HYM59256AM 


5.08MAX 

















* DETAIL OF CONTACTS 


| we ILI | 


MEMO 





DESCRIPTION 


The HYM581000M is a 1M words by 8bits 
dynamic RAM module and consists of eight 
HY531000J Fast Page mode CMOS DRAM in 
20/26 pin SOJ package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22yF de- 
coupling capacitors are mounted under all the 
1M DRAMs. 

HYMS581000M is suitable for easy inter- 
change and addition of 1M bytes memory. 


BLOCK DIAGRAM 


O DQ) 


aes on 


a 
O DQ, | 
O DQ2 


O DQ3 


O DQ4 | Vss 


Ag-Ag O 
RAS O 
CAS O 
WE 
az 
a7” 





M431201B-OCT91 


FEATURES 
* Fast Page Mode operation 
* Fast access time _ 





HYMS581000-80 








100 | 25 55 

* Single power supply of 5V+ 10% 

* CAS Before RAS, RAS only, Hidden 
Refresh 

* Low power operating 
3.74W max (HYM581000M-60) 
3.30W max (HYM581000M-70) 
2.86W max (HYM581000M-80) 
2.42W max (HYM581000M-10) 

* TTL compatible inputs and outputs: 

¢ 512 refresh cycles / 8ms 


HYM581000-10 















PIN NAMES 
[Ao—Ag _| ADDRESS INPUT al 





DATA INPUT/OUTPUT 
ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
WRITE ENABLE 
POWER(+5V) 1 
GROUND 24 





DQ 9—DQ; 
RS 


CAS 


Ke 
v 


DD 





























HYMS581000 1,048,576 X8-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


HYMS581000M 


Von «) [0 
CAS =(2) «10 
DQo (3) O 
& © IO 
Ay 6) Ig 
pa, ‘® §=41O 
Ao (7) O 
Ag ) ID 
Vss @ {0 
DQ «0 [OD 
Ae (11) 1D 
As = (12) 1 
DQ3 a3) 19 
As a4) Ig 
Az as) $D 
DQ, «ase ID 
As a7) 1D 
Ao as) ID 
NC as) ID 
DQs (20) IO 
WE (21) ID 
Vss (22) 10 
DQ6 (23) ID 
NC (24 JO 
DQ, (25) JO 
NC (26) 10 
RAS) (27) IO 
NC (28) 1D 
NC 29) 10 
Voo (30) JO 





NOTES : 
1. Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out(DQ9-DQ7). 
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~HYMS581000 1,048,576 x 8-Bit CMOS DRAM MODULE 
SR a a OK 


ABSOLUTE MAXIMUM RATINGS 























NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


(T,=0°C to 70°C) 











SYMBOL PARAMETER "| RATING UN 

Ta Ambient Temperature 0 to 70 Cc 

. Ts1G Storage Temperature (Plastic) [ —55 to 150 Cc 

Vins Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 

Von. Voltage on Vpp Relative to Vss ~1.0 to 7.0 Vv 

ve ie Short Circuit Output Current 50 mA — 
| Pr _ een Power Dissipation 4.8 WwW 






































































































































SYMBOL PARAMETER MIN. We | MAX UN 
Vop Supply Voltage 4.5 5.0 5.5 Vv 
Vie Input High Voltage 24 = Voptl Vv 
| Vi Input Low Voltage —1.0 | - 0.8 Vv 
NOTE : All voltages are reference to Vsg_ 
DC CHARACTERISTICS 
(T,=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted) 
SYMBOL PARAMETER a SPEED Ba 
ee | Input Leakage Current(any input pin) | Vss < Vin < Vpp 80 
apa Output Leakage Current for Vss < Dout < Vpp | 10 ak 
High Impedance State RAS, CAS at Vin 
ia “re —60 680 | | 
—70 | 600 
Ippi Vip Supply Current, Operating trc=trc(min.) 80 1 a0 mA 1, 2 
——- —10 | 440 
Ipp2 Vip Supply Current, TTL Standby - Bees nea 16 mA 
= Oise oe — 60 | | 680 : 
Vip Supply Current, : —70 600 
lnps RAS-only Refresh tro=trc(min.) —80 520 me 4 
oe be | | =10 | 440 
—60 520 
Vip Supply Current, —70 440 
lbp Fast page mode Ninian Cycle —80 360 mars i 
— _ il —10 280 
Vip Supply Current, RAS > Vpp—0.2V, CAS= 8 ik 
ws CMOS Standby _ Vins Other inputs > Vss 
b eh Morus eats aa a 
Vip Supply Current, [ —70 600 
Plat CAS-Before-RAS Refresh tro=trc(min.) —80 520 me 
fans —10 | | 440 
Vor Output Low Voltage lo.=4.2mA o4 | v | 
Vou Output High Voltage lon=—5mA 24 Vv | 


1. Epp is dependent on output loading when the device output is selected, Specified Ip (max.) is measured with output open. 


2. Ipp is dependent upon the number of address transitions, Specified Ipp(max.) is measured with a maximum of two transitions per address cycle in 


fast page mode. 
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HYM581000 1,048,576 X 8-Bit CMOS DRAM MODULE. 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Vpp=5V+ 10%, Vss=O0V, unless otherwise noted. ) 





1 CCI 10K | 80 | 10K | 











100 






















































































10K | ns 
2 Random Read or Write Cycle Time 120] [30] | 150 180 
trp RAS Precharge Time | so] | 60 70 ns 
tasr | Row Address Set-up Time ‘0 0 0) ns 
4. el ns 
5 Row Address Hold Time 10 10 | 1s} | ns | 
6| trat | Column Address to RAS Lead Time 35 40 50 ns 
—— | a | aa ie 

7\} trap | RAS to Column Address Delay Time 30 15 35 Is 20 50 | ns 
| 8 tasc Column Address Set-up Time li sh 

9] tcan | Column Address Hold Time 15 | 1S 

10] trcp | RAS to CAS Delay 20 | 40 2 

_j|__ ek: 

11] trac | Access Time From RAS | | 60 

12] taa Access Time From Column Address 30, 

13 tcac__| Access Time From CAS 20 
tcas | CAS Pulse Width 20 | 10K 





RAS Hold Time 




















































































































16| trcs | Read Command Set-up Time 0 
[17 Read Command Hold Time Referenced to CAS 0 
18 Read Command Hold Time Referenced to RAS 0 
19 CAS to RAS Precharge Time 5 
20! torr Output Buffer Turn Off Delay 0 | 20 
21) twp Write Command Pulse Width 15 
22! tcp CAS Precharge Time 10 
tar | Column Address Hold Time From RAS 50 
24| twcr | Write Command Hold Time From RAS 50 
251 twes “T write Command Set-up Time 0 
26| twcu “| Write Command Hold Tani 15 
27 tos | Data-In Set-up Time 0 
28] tpy | Data-In Hold Time ; 15 
29| tour | Data-In Hold Time Reference to RAS 50 











30; tcpa | Access Time From CAS Precharge 


35 





31] tpc 
2 trwi. | Write Command to RAS Lead Time 


tcwL 


Fast page mode Cycle time 


Write Command to CAS Lead Time 
RAS to CAS Precharge Time 


35] tcsr | CAS Set-up Time(CAS Before RAS Cycle) 


40 40 
P30 | [20 | 
P00 | 
ieee 

5 5 
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HYMS581000 1,048,576 X 8-Bit CMOS DRAM MODULE 
































41 


ene <n Seas eo oo. | 2 ee Jur Ere 
ae. ee MINIMAX) MIN. MAX MIN. Max MIN. MAX. 

[36] tow CAS ern Time(CAS Before RAS eae inte 15 15 hah pa 0 

37| tt | Transition Time(Rise and Fall) 3] 50] 3 
38] tciz CAS to output in Low-z 0 of | of | 5 

39] trer | Refresh Interval(512 Cycle) 8 8 pl ed ms ete 





























Fase | Fan page Mode RAS Pube wasn sd @ | |] | @, fm] =| | 
tcpt | CAS Precharge Time(CBR Counter Test Cycle) 40 | | 4} | 4] | so] [as | 





NOTES : 


nan hw 


wane 


> 
—] 


1. 
12. 
13. 
14 
1S. 


Operation within the tpap(max.) limit insures that tpac(max.) can be met. trap (max. ) is specified as a referenced point only. If trap is greater than the specified 
trap(max.) limit, then the access time is controlled by tag and tcac- 


- Operation within the tp¢p(max.) limit insures that tpac-(max,) can be met. tac p(max) is specified as a reference point only. If tap is greater than the specified 


trcp(max, limit, then the access time is controlled by tC ac. 


. Assume trap < trap(max.). If trap is greater than trap(max.) then trac will increase by the amount that trap exceeds trap(max.). 
. Assume tRCp <. trcp(max,). If tacp is greater than tac p(max.) then trac will increase by the amount that trcp exceeds tap (max). 


Measured with a load equivalent to two TTL loads and 100 pF. 
Assumes that trop > tpcp(max,) and trap < trap(max). 


. Assumes that tpcp < tp¢p(max) and trap > trap(max). 

. Either tpRH or tpcH must be satisfied for a read cycle. 

- (OFF and t¢ypy define the time at which the data output achieves the open circuit condition and is not referenced to the output voltage levels. _ 

. twos is not a restrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twos > twcs(min), the cycle is an early 


write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 
tps and tpy are referenced to the latter occurence of CAS or WE 

Access time is determined by the longer of tag, tCac.or tcp. 

ty is measured between Vypy(min.) and Vy (max). — 


.AC measurements assume tt =5ns. 


An initial pause of 200us is required after power-up and followed at least 8 initialization cycles(any combination of cycles containing a RAS clock such as RAS- 
only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


CAPACITANCE 
(Ta=25°C, Vop=5V+ 10%, Vss =OV, unless otherwise noted) 












SPARAMETER 
ingat Canscinneagene WE, CAS, RAS) 























1/O Capacitance(DQ0— DQ7) 
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HYMS581000 1,048,576 X 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 


CAS 


DQ 














‘’ READ CYCLE 
+ _--__--_. tac) — 
a View —— + __—_§_|—  tari23, ——_-—> 
RAS oes —— isha trasit) _—_—__—__» 
IL +-—\\_——- trpei3) ——> 


tasera, |e trai) ——__—_—___» 
’ <t— traHi5)—> <-— | tcania, 


"= x eosin X77 EES XZ 


tascia) 
——— > | | ——_——— trasuiis, > 
= ase ee 
Vit ‘ 





tracpio) 





tacsi6) <——tcasi1a) > 
: tRAHi8) 








CITTLLTILL 


./ 
<t— teaci13;-— +—- trcu7)—> 


MM LITTTTLITITLLIT TL) 





<¢———___ tara) ——__-» 
teiz38) |«——» +— >| torri20) 





traci) 


Yon OC ananar |} 
Vo. — 











EARLY WRITE CYCLE 


Ao-Ag 


CAS 


DQ 
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Vie | eae , 
LZR rom aooress K/////X couumn aoonessK/)// I) L/SLL/LLLL LLL LL. 





tascia) |~t—~ | | — tcaHi9) —> 
‘ torp(19) 
+ -—— trsHi15) ———_-> <+_—__» 


ae EY, 






—$—— trconio) ee 
ee IER SU NS OM STM, aac 





“VITTTTTITILIL 





“ tWCR(24) 
tos(27) +] | +— toni28) > 


Me LLLLLLLLLLL LL LLL LD oars | CTL 


toHR(29) ————-—_ > : 





HYMS581000 1,048,576 X 8-Bit CMOS DRAM MODULE 
a A a TN a I ET EET 


FAST PAGE MODE READ CYCLE 


trea 




















trasp(4o) eee | i———_____+ 
Vin «+t 
=a CAR (6) 
RAS : 
Viv 
torprig) + trsni5) 2 
—_— i trea, 
tcpi22) 
@* tacoiio) <A tcasy14) —e] | a—— | | — teases) —> a tcasy14) —> 
—— Vins —- 
CAS 
Vit 
tasr(a) 
vy LULL LLLLLLLL. 
7 f 
Ao-Ag i ot Fa = 
+ tarniia) 
* tren) 


mo he meme WA [mee Wh on a 








<@— lorr(20) 





Vou — 


DQ 





Voi — 










« trasp(4o) nna 

——= Viq ; 

RAS 

Vit 
tCRP(19) 
 J-tacov <a— toas(14) — 
aa Vin —— 
CAS 








Viv =e tran) Ee [i ‘ 
wom TRY ioe 3 MAES UUM NU 


|= twox(26) 





a twox(26) 






ne mkt Vii TILL || _ WATT. 








i twp(2t) 


teaw_(a2)3——» 
<<} |< ———$ | tor28) 


Lvauoaran O///LLLLLLLL 







toHi28) 
(on <—$- +_——> 


van nara ///) 



















Vi — 
Vit —— 


va oaraQ///////) 


DQ { 


( 
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HYMS581000 1,048,576 x 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 





Vin —— 
RAS az: 
Vit 
; Viq —_ 
Ao-Ag “= 
<-> torprig) : 
es. oS aa 
Vit 
Vou —— 
DQ Va. —— " rn cenerranrreteareseerrremenensmermerrmacneet 41 (34-2 
fore 


CAS-BEFORE-RAS REFRESH CYCLE 









+\_——- trp;3) ———> 









Viq 
RAS 

Vi 

+ trecisa) —> 
tcpi22) tosri3s) 
ef CH) ——___ > 

Vin — 
CAS a 

Vit 

<+—— | toF F(20) 

VoH —~ 

DQ 3 HIGH-Z 
OL 
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HYMS581000 1,048,576 X 8-Bit CMOS DRAM MODULE 
a 


HIDDEN REFRESH..CYCLE (READ) 

















teizi38) 








tascie) 


nem TD KIN 
ore 


<M >| tweori26) 


we LITT LLL LLL LLL. 


tosi27) 


oo LT wso owas LLL 


(29) ——————__> 
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HYMS581000 1,048,576 x 8-Bit CMOS DRAM MODULE 
a aT a TI REIS IEE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





Vii 
tcsAr3s) +! trsi1s) -_ 

7 es a ae 4 <—epr) —>| —_—\_ _ tcasiia)- > 
GAS 1H 

_ on 
eS ay WLLL 
READ CYCLE os ; 

. <— [caci3) © | (OFF (20) 
co UX _mcorao_| }— 
+ tacsie —_ aa <> faRHi18) 
= Vin y a, 
WE LLL LLL) LLL: 
<— trcHi17) > 


WRITE CYCLE 


<«_t 


= TNL, TELE 
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HYMS581000 1,048,576 x 8-Bit CMOS DRAM MODULE | 


PACKAGE INFORMATION 


HYMS581000M 


UNIT : mm 









88.904 0.13 


82.144 0.13 
63.17+ 0.05 







—, 


NAAAAL VAM 





10.16+0.13 


* DETAIL OF CONTACTS 


coswcd [JCC 
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| 1.27+ 0.08 
-——___- 


MEMO 





DESCRIPTION 


The HYMS581000AM is a 1M words by 8bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY514400J 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS581000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of 1M bytes memory. 


BLOCK DIAGRAM 





-IMX8-Bit CMOS DRAM MODU 
M471 202A-JANQ2 


FEATURES 


° Fast Page Mode operation 
: EP meres Time 


SETS 
HYMS581000AM-80|_ 80 | 25 | 55_| 
HYM581000AM-10] 100 | 25 | 60 |. 
¢ Single power supply of 5V+ 10% 
¢ CAS Before RAS, RAS only, Hidden Refresh. 
¢ Low power operating 
1.05W max (HYMS581000AM-70) 
0.94W max (HYM581000AM-80) 
0.83W max (HYM581000AM-10) 
¢ TTL compatible inputs and outputs 
1024 refresh cycles/16ms 





PIN NAMES 
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HYMS581000A = 1,048,576 8-Bit CMOS DRAM MODULE | 
SOP POS A I TE TE 


PIN CONNECTIONS 


Voo (1) (0 
CAS) 2) 10 
DO <3) {0D 
A ® 10 
Ay 6) 19 
pa, = «6) IQ 
A2 (7) JO 
A3 (3) 10 
Vss @) 10 
DQ2 (10) | 
AW 0) {O 
As (12) [J 
po, «aia lO 
Ag a9) 1 
Az as) 10 
D& (16 1/0 
Ags (ny 10 
Ag cs) {0 
NC as) {0 
DOs (20) |0 
WE (21 0 
Vss (220 10 
DOs (23) IO 
NC (24) 10 
DQ, (2510) 
NC (26) {0 
RAS (2) 1 
NC (28) 10 
NC (29) [0 
Voo (30) {0 





NOTES : 
1. Cominon CAS control for eight data-in and data-out lines (DQg-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ9-DQ7). 
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. HYMS581000A 1,048,576 X 8-Bit CMOS DRAM MODULE 
a PZ ST SS a TS 


ABSOLUTE MAXIMUM RATINGS 
| SYMBOL PARAMETER 
Ambient Temperature 






















RATING 
0 to 70 
Storage Temperature(Plastic) —55 to 150 Cc 


as Vout Voltage on Any Pin Relative to Vss 
a 
wd 











































NOTE : Operation at or above Absolute Maximum Ratings ¢ can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) 




























































































































































PARAMETER MIN Tomax. | unit 
Supply Voltage 4.5 5.0 5.5 | Vv 
Input High Voltage 24 = Vootl | Vv 
Input Low Voltage —1.0 eS | 0.8 Vv | 
NOTE : All voltages are reference to Vss. 
DC CHARACTERISTICS 
(Ta=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 
; HYMS581000AM 
PARAMETER TEST CONDITIONS UNIT. |. NOTE 
Input Leakage Current(any input pin) me <Vin< < Vpp yA | : 
Output Leakage Current for _Vss <Dour < Vpp 
High Impedance State | RAS, CAS at Vin = 
Vpp Supply Current, Operating trco=tec(min) | mA 1 
—— L 
Vpp Supply Current, TTL Standby poe eee = 4 | mA 
other inputs 2 Vss | | 
—70 = 190 
ig, [ee trc=trc(min.) —80 | ~ | 170 | ma 
RAS-only Refresh r ae z ip 
—70 _ 160 
Ipp4 Vo Supply. Cony Minimum Cycle —80 _ 140 
Fast Page Mode = al 7 120 
CMOS Standby Vin, Other inputs > Vss 
Vpp Supply Current, 











Ipps trc=trc(min.) 






CAS-Before-RAS Refresh 





















Output Low Voltage Io_=4.2mA 
Output High Voltage Ion= —5mA 

































NOTES : 
1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYMS581000A 1,048,576 8-Bit CMOS DRAM MODULE 
| 


AC CHARACTERISTICS 
(T,s=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES: 1, 2, 3 











Pt was [RAS Pube Wah ————SSSSS*dC 

Fa [ tue [Random Reed or Wate Ge Time | 30 | - [aso | - | 

| 3 tre RAS Precharge Time 50 | - | o | - | 70 | 

Row Address Set-up Time 0 | - | of - | of] - | 

Row Address Hold Time | wo | - | 0 | - | wf] - | ns 
35 


Column Address to RAS Lead Time 




























Column Address Set-up Time 
Column. Address Hold Time 
RAS to CAS Delay 





_ 
71) 





fk 
E : 
wm 


N 
~r 
~] 
mn 


sn wn 
Ww 
i) 
Ne 
o 
A) 























11] trac Access Time from RAS 4,8,9 

12 taa Access Time from Column Address 35 = 40 45 4,9 

13 ene [Access Time from CAS 2 | — | 25 25 | 4s | 
14} tcas | CAS Pulse Width 25 | 10K 














t 


15 | trsu RAS Hold Time 


16} tres Read Command Set-up Time 
| 17 


tac Read Command Hold Time Referenced to CAS 


18| terry Read Command Hold Time Referenced to RAS 
b9| tcrp CAS to RAS Precharge Time 
20 | torr Output Buffer Turn-off Delay 
21 | twe Write Command Pulse Width 
tcp CAS Precharge Time 
23] tar Column Address Hold Time from RAS 


24| twcr | Write Command Hold Time from RAS 
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t 1} | 
olm A 




















_ 
oO 
| 
=} 
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[ee] 
i] 
| 
5 
wa 








| 
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a 











25 | twos Write Command Set-up Time 
26 | twcu | Write Command Hold Time 

27 | tps Data In Set-up Time 

|28| tox | Data In Hold Time 


| 
5 
an 





nN 
be 
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HYMS581000A 1,048,576 8-Bit CMOS. DRAM. MODULE 
































_ Syn eae oo ae ee “NOTE 
Data-In Hold Time Referenced to RAS 55 
Access Time from Column Precharge - 4 
Fast Page Mode Read or Write Cycle Time | so | - | | 60 | 


% 
nm 
G 
rm 


z 
: 
z 
S 
3 
B. 
lar 
E 
Am 


Y 
ele 


—_ | 
S a 
Aw 
N 
—_ 
nN 





Write Command to CAS Lead Time 
Cc RAS to CAS Precharge Time 
sh Period 


5 
3 


g 


CAS Set-up Time(CAS Before RAS Cycle) 
CAS Hold Time(CAS Before RAS Cycle) 


Transition Time(Rise and Fall) 


Ref 


RAS Pulse Width(Fast Page Mode) 


n 
yo] 
wr 
| fi 
w 
: * 


* 





wn 
8 
7 g 


- 








Es 





100K 











& WiWil wl] Wi Ww] WwW] Ww] w 
g 


























CAS Precharge Time (CBR Counter Test Cycle) ns 

CAS to Output Low Impedance ns 4 
CAS Hold Time | 100 | ns 
WE to RAS Precharge Time(CBR Cycle) 10 = 10 ns 
|44| twru | WE to RAS Hold Time(CBR Cycle) = 10 | - | 10 ns 











NOTES : 
1. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. ; 

. AC measurements assume tr=Sns. 

Vpy(min.) and Vj, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyyq and Vqz. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either troy or tpRy must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

. Operation within the tacp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If tacp is greater than the specified 
trcp(max,) limit, then access time is controlled by tcc. 

. Operation within the tp ap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 


SNAARYWH 


wo 


CAPACITANCE 
(Ta=25°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 


Input Capacitance(Ag-Ay, WE, CAS, RAS ) 














VO Capacitance(DQrDQr) 


HYMS581000A 1,048,576 X 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 
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FAST PAGE MODE READ CYCLE 
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HYMS81000A 1,048,576 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 


RAS 


DQ 


Viq —— 





HIGH-Z 


CAS-BEFORE-RAS REFRESH CYCLE 


CAS 
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HYMS581000A = 1,048,576 <8-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE(READ) 
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PACKAGE INFORMATION 


HYM581000AM 



































UNIT : mm 

3.38 88.9 5.08MAX 

eae See --| 
é 
® @ {2 
__ |i 
OHNoOno0o0O0oOoOoOoOoOoOo0agGoooOoo00ogooOocoOo0000 a 

254 1.78MAX S| —>||<+— 
5.59. 73.66 1.27+ 0.08 
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MEMO 


_PRELIMINARY 










R/ ODULE _ 
M4C1200A-MAR9Q2 

DESCRIPTION . FEATURES 

The HYM581000BM is a 1M words by 8 bits * Fast Page Mode operation 
dynamic RAM module and consists of Fast Page ° Fast Access Time a 
mode CMOS DRAMs of two HY514400AJ Oe eee bane | tee | 
in 20/26 pin SOJ mounted on a 30 pin glass- HYMS581000BM-60 
epoxy printed circuit board. 0.22uF decoupling HYM581000BM-70 
capacitors are mounted under all the DRAMs. . HYMS581000BM-80 

HYM581000BM is a socket type single-in - * Single power supply of 5V+ 10% 
line module suitable for easy interchange and * CAS-Before-RAS, RAS-only, Hidden Refresh. 
addition of 1M bytes memory. ‘ 


Low power operating 

1.21W max (HYMS581000BM-60) 
1.10W max (HYM581000BM-70) 
0.99W max (HYM581000BM-80) 
¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/16ms 





BLOCK DIAGRAM 


PIN NAMES 


ADDRESS INPUT 

DATA INPUT/OUTPUT 
ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE| 
WRITE ENABLE 
POWER( +5V) 
GROUND = 
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HYMS581000B 1,048,576 8-Bit CMOS DRAM MODULE 
A A SE SE SSID 


PIN CONNECTIONS 


Von «) (QO 
CAS) 2) ID 
DO <3) JO 
A .- 4 1p 
Ay (65) 19 
DQ, 6) 19J 
A2 (7) OO 
A3 (3) IO 
Vss (9) (0 
DQ) (10) j0 
Qa aio | 
As a2aig 
pa; «= «13) J 
Ae (14) 1) 
. Ay 5) (0 
Da& «= 18 10 
Ag a7) 7O 
Ag as) JO 
NC aa 10 
po, (20)]0 
We (20410 
Vss (22 [0 
DQg (23){0 
NC aaIO 
DO, aniIO 
NC (ze) (0 
RAS) = 2) 10 
NC (28) {0 
NC (2910 
Von (30) JO 





NOTES : 
1. Common CAS control for eight data-in and data-out lines (DQ9-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQg-DQ7). 
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HYMS581000B 1,048,576 < 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 












































50 
1.54 








Ee SYMBOL "PARAMETER RATING 2) 
a Ta ~ [Ambient Temperature 0 to 70 Cc 
ee Tstc | he Storage Temperature(Plastic) —55 to 150 Cc 
Vin Sour Voltage on Any Pin Relative to Vss —1.0 to 7.0 vi 
Z an Voltage on Vpp Relative to Vsg —1.0 to 7.0 V 
= 
Ww 








Vpp 
Tos Short Circuit Output Current 


| Pr Power Dissipation 











NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ts=0°C to 70°C) 









PARAMETER 

Supply. Voltage 

Input High Voltage 

Input Low Voltage | 
NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS 
se to 70°C, Von=5V+ 10%, Vss=0V, unless otherwise noted. ' 








































































































PARAMETER TEST CONDITIONS ib so00nM fe teak 
Pia | Taper Leakage Camenany input pin) | VsVn Von | | _— |» | 4 | 
Output Leakage Current for Vss< < Dour < Vpp 
| Ito | ; ace eas - 10 uA 
High Impedance State RAS, CAS at Vin 
—60 - 220 
{_ aa itt 
Ippi Vpp Supply Current, Operating trc=trc(min) —70 = 200 mA 1 
—80 ui 180 a 
RAS, CAS at Vu an | 
Ipp2 Vpp Supply Current, TTL Standby : a 4 mA 
: —| other inputs > Vss | 
Bien Dealers | —60 = lic 220 7” 
Wie Wee ee trc=trc(min.) Se 200 | mA 
RAS-only Refresh 
—80 _ 180 
, Vpp Supply C a as ii 
lpna es bis Nig Minimum Cycle Eel = a 120 | mA 1 
t 
ast Page e an 7 100 
— ee Cael 
: Vpp Supply Current, RAS > Vpp—0.2V, CAS= ih se ll aoa 
DPS | CMOS Standby Viny other inputs > Vss ” pe 
| Vpp Supply C = = = 
Uy urren 
ieee; ee eee tac=trc(min.) ~710 | = 200 | mA 
CAS-Before-RAS Refresh 
; a 80 ~ 180 
a i 
VoL Output Low Voltage Tot =4.2.0A | - 0.4 Vv 
Vou Output High Voltage Ion= —5mA 2.4 - Vv 





NOTES : 
1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYMS581000B 1,048,576 X 8-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
Sai to 70°C, “> Vop=5V+ ee Vs=0V, unless otherwise noted) NOTES : 1. 2. 3 





te a rt 
ee ee ee 








Row Address Set-up Time 
Row Address Hold Time 
Column Address to RAS Lead Time 








n 
[th 








mm | 
alan 
Ww 
n 
Se) _ = 


G 
wm 





tasc Column Address Set-up Time 


Column Address Hold Time 


RAS to CAS Delay 
Access Time from RAS 


Access Time from Column Address 













> 
— 
to 








| 4! 

| 6] tra 

trap RAS to Column Address Delay Time 
8 

| 9| 

10] 

a] 

e 





12] t 

BeeEs Time from CAS 

i 
i en | AS Hel we 

il a Goce essed 

17| teow | Read Command Hold Tine Referenced was | 0 | - | o{|- | 0] - [mw] «| 

18] texn | Read Command Hold Time Referenced w RAS 0 | - | 0] - | 0| - | m] 6 | 

19| tone [CAS to RAS ProshaneTime ss | = | s[- | sf - [=] 

20| ton | Oupar Breet Dey [0 ao [of a0 To [a Pw | 

at yr | Wie comma pute wan as [as [= as [ 

| 10 


=H)ry] wo w 
2/8/1813 S| | 
Aw 
% 
mr 
—_ 
o 
Aw 


tN N ~— 
Zinivsi nln 


% 
wa 









































CAS Precharge Time | - | ow || 
23| tar | Column Address Hold Time from RAS so | — | 55 | o | - | an | | 
24] twcr | Write Command Hold Time from RAS so | — | 55 | - | na | | 
Write Command Set-up Time 0 = 0 | - {n |] | 
26] twox | Write Command Hold Time is | - | 15 | ns | | 
27| tps __| Data In Set-up Time o| - 0 HH}: 
28] tpx | Data In Hold Time is | - | 15 ate 7 
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HYMS581000B 1,048,576 < 8-Bit CMOS DRAM MODULE 


































































































"PARAMETER 
29) tpyR Data-In Hold Time Referenced to RAS ns 
30} tcpa Access Time from Column Precharge ns 4 | 
31 tec Fast Page Mode Read or Write Cycle Time ns 
trwL Write Command to RAS Lead Time ns 
tcewL Write Command to CAS Lead Time ns 
ea trec RAS to CAS Precharge Time = oe | 
be 8 

35| tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 - of = 10 = eine | 
36| tcur _ | CAS Hold Time(CAS Before RAS Cycle) 15 = 20 - 30 | = ns Pe 
tr Transition Time(Rise and Fall) 3 50 3 | 50 if 3 50 |_ns 3 

trer _| Refresh Period - 16 - 16 - 16 ms 
39 tease _| RAS Pulse Width(Fast Page Mode) 60 | 200K | 70 | 200K |; 80 | 200K | ns [ 

=—= —T] 
40| tcer | CAS Precharge Time(CBR Counter Test Cycle); 30 [| - | 35 | - | 40 | - | ms 
41) tcLz CAS to Output Low Impedance 0 - 0 = 0 = ns 4 a 
42! tcsy CAS Hold Time 60 - 70 ay 80 = ns 
43| twrp | WE to RAS Precharge Time(CBR Cycle) 10 - 10 — 10 — ns ‘a 
—= ——a Fae a 

44] twru | WE to RAS Hold Time(CBR Cycle) 10 = 10 = 10 — ms | 
NOTES : 


1. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required.- 

AC measurements assume ty=Sns. 

Vip(min.) and Vyz (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy and V]L. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tacy or tpRy must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tp¢p(max.) limit insures that tp ac(max.) can be met. ta¢p(max.) is specified as a reference point only : If tacp is greater than the specified 
trcp(max.) limit, then access time is controlled ‘by tcc. 

Operation within the trap(max.) limit insures that tp ac(max.) can be met. tpap(max.) is specified as a reference point only : If tgp is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 





PAA Oy Sew ys 


~~ 


CAPACITANCE 
(Ta=25°C, Vop=5V+ we Vss=O0V, unless oihenvise noted.) 

























Input Capacitance(Ag-Ay, WE, CAS, RAS) 
1/O Capacitance(DQo-DQ;) 
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HYM581000B 1,048,576 X8-Bit CMOS DRAM MODULE 
Et 1 a NS PEE 


TIMING DIAGRAM 





READ CYCLE 
tacia) 

Vin — + tare) 
RAS trasi1 

es + — tres) > 

tosH(42). 
tasrva) 4) |< aaa IY 
<— trais)—> 
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HYMS581000B 1,048,576 X 8-Bit CMOS DRAM MODULE 
SS a A TPS NE OE SEMA, 


FAST PAGE MODE READ CYCLE 








trPe(3) 
tRASP(39) 
Vin — << tocar (6) > 
RAS 
Vi 
terpiig) <+— trsHy1s) —> 
—> ; 
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CAS Vv 
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HYMS581000B. . 1,048,576 x 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 





RAS 
Ao-Ag 
a +} tcrrcig) 
CAS eas | 
Vii 
Vou —— : 
DQ sil trees ||| (3 }|-7 
Vo. —— 


CAS-BEFORE-RAS REFRESH CYCLE 


_— a 
m 77 “ULL 
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HYMS581000B 1,048,576 8-Bit CMOS DRAM MODULE 





- HIDDEN REFRESH CYCLE (READ) 





tras; + —_——— tras() ——_____» 


RP(3)-——> 
= ae 


Vin —— 


RAS 


eons 19) 
+ —- trco(10) ——| — tasyi1s) > 
_—s Ve Y 
CAS 


<+—_—_> 
nore DE KOS 


<--———_ tar23) 






tacsc6) 


m  “—TTTTTT COMMENT 





+ tract) — <— >| torr(20) 
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teiz(a 


HIDDEN REFRESH CYCLE (WRITE) 
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tcrP(ig) | <+—_> Sco ae 10) >| <— trsHits)- ‘aims 
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HYMS581000B 1,048,576 X8-Bit CMOS DRAM MODULE 


 CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 






AAS = “ — 

CHS 

ore . = QLLLULLLLL LL LLM. 

READ CYCLE | 
YT [—anoe T 
ey MLL 
WRITE CYCLE 

m= 77 RN WIL 
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HYMS581000B. 1,048,576 X 8-Bit CMOS DRAM MODULE 
SS SS PT TI EIS 


PACKAGE INFORMATION 


HYM581000BM 


UNIT > mm 











16.5MAX - 





[!* 
~<—  2.03MIN 


——» | |< 


0.25MAX 
_—_—s 


1.27 + 0.08 





TOLERANCE : + 0.138mm 


* DETAIL OF CONTACTS 


~l OO 


4-83 


MEMO 






DESCRIPTION 


The HYMS581000BLM is a 1M words by 8bits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HY514400ALJ 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS81000BLM is a socket type single-in 
line module suitable for easy interchange and 
addition of 1M bytes memory. 


BLOCK DIAGRAM 








PRELIMINARY 


M4K1200A-MAR92 


FEATURES 


° Fast Page Mode operation 
° Fast a ee : 


-aseoptat | | 30 8 
CHYMSSi000BEMA0 [80 [25 [55 
* Single power supply of 5V+ 10% 
* CAS-Before-RAS, RAS-only, Hidden Refresh. 
¢ Low power operating 

1.21W max (HYM581000BLM-60) 

1.10W max (HYMS581000BLM-70) 

0.99W max (HYM581000BLM-80) 
¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/128ms 








PIN NAMES 








ADDRESS INPUT 


08 DATA INPUT/OUTPUT 
ROW ADDRESS STROBE 





COLUMN ADDRESS STROBE 
WRITE ENABLE 


<= POWER(+5V) 


GROUND 
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HYMS581000BL 1,048,576 X 8-Bit CMOS DRAM MODULE 
2 AP CO ET ME, 


PIN CONNECTIONS 


Von (1) 10 
CAS) 2) 1D 
DO (3) JO 
Ao 4 10 
Ay () 1 
DQ, (6) I 
A2 (7) IO 
A3 (3) 10 
Vss gg) I 
DQ, (10) 0 
Aa ani 
As a2 10 
DQ3 (13) 10 
Ae aaig 
Az as 10 
DO, (16) {0 
Ag ani 
Ag as) |O 
NC anit 
DOs (20) 10 
WE (21) JO 
Vss (22) {0 
DQs (23410 
NC (24) [TJ 
DQ; (25) {0 
NC (26) {0 
RAS = 2710 
NC (28) {0 
NC (29) IO 
Vop (30) JQ 





NOTES : : 
1. Cominon CAS control for eight data-in and data-out lines (DQy-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQy-DQz7). 


1 
H 
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HYMS581000BL 1,048,576 < 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 















































SYMBOL | PARAMETER _ [| __Ratine UNIT 
Tx at Ambient Temperature 0 to 70 c < 
Tstc 7 Storage Temperature(Plastic) 7 —55 to 150 Cc | 
Ving Vouk Voltage on Any Pin Relative to Vss | 1.0 t 7.0 Vv 
Vpp Voltage on Vpp Relative to Vss ; —1.0 to 7.0 Vv : 
los Short Circuit Output Current mA 
Py Power Dissipation 1.54 Ww 
NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 
RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) 
- SYMBOL | PARAMETER «| MINN =| TYP, | MAX, 
Vpp Supply Voltage 4.5 5.0 5.5 
Vin Input High Voltage 2.4 - Vpp+1 
Vit Input Low Voltage —1.0 = 0.8 





NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS F 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=0V, unless otherwise noted.) 
















































































OF : 
SYMBOL - PARAMETER. = : TEST CONDITIONS SPEED |= 
[ {Iu {! | Input Leakage Current(any input pin) | Vss < Vin < Vpp ae ess 20 
ae Output Leakage Current for Vss < Dout < Vpp 
7 | High Impedance State RAS, CAS at Vin 
eee as 
Ipp1 Vpp Supply Current, Operating trc=trc(min) —70 - L 
| = -s0 | - 23 
3 RAS, CAS at Vin | 
Ipp2 Vpp Supply Current, TTL Standby - 4 mA 
other inputs > Vss : 
e228 a ‘ [ —60 - T 220 7 
u ‘urren 
Ipp3 ee Pee trc=trc(min.) —70 = 200 mA 
| RAS-only Refresh f 
a | —80 7 180 | 
“| = | a" 140 if 
Vpp Supply Current, ae a 
Ipp4 Minimum Cycle —70 - 120 mA 1 
Fast Page Mode —t 
a —80 - 100 | 
; Vpp Supply Current, RAS > Vpp—0.2V, CAS= | re eal ee i 
D ; - . 
DS CMOS Standby Vin, other inputs > Vss a a | | 
cect ; | | 0 |= 220. | 
pp Supply Curren 
cu eee tno“ neltin) 10 [= [200 | ma 
CAS-Before-RAS Refresh ope ee, 
—80 - 180 
CAS=CBR cycling or 0.2V, 
OE=WE=Vpp—0.2V, 
Add=Vpp—0.2V or 0.2V, 
Vpp Supply Current, YO=Vpp—0.2V or 0.2V ae = 0.6 mA 1 
Ipp7 Battery Back up trc= 125us, tras=tras(min.) 
~300ns 
Same as above és a ide 
except tras=300ns~1ys ie ; / 
| Vox | Output Low Voltage lo. =4.2mA = ak 0.4 Vv 
[ Vou Output High Voltage Ion= —5mA 2.4 ag Vv _| 
NOTES : 





1. Ipp is dependent on output loading when the device output is selected, Speciiied Ipp(max.) is measured with the output open. 
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HYMS581000BL_ 1,048,576 < 8-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 









ates Beh ag iy 





ee 









(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwis 













RAS Pulse Width | 60 | 10K | 70 | 10K | 80 | 
2| tec __| Random Read or Write Cycle Time | 120} - | 





NOTES : 1. 2. 3 


ps 


Se: 


es 
fod 
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| 3 trp | RAS Prechange Time | 50. | = 50 | - | 60 | 
4| tasr Row Address Set-up Time 0 | of - | of - |» | | 

1 5| tran | Row Address Hold Time 10 ; - | 1 | - | oa] | 
6| trac Column Address to RAS Lead Time 30 | 35 |} - | 4a | - | ow | | 
7| trap RAS to Column Address Delay Time 15 35 15 ns 9 

tasc [Colum Address Set-up Time 0 = 0 Pe 
9| tcaH Column Address Hold Time 15 = 15 = | is | - | ns | 

|10| taco | RAS to CAS Delay 2 | 40 | 2 | so | 20 | ss | nm | 8 | 
11| trac Access Time from RAS - 60 a 70 - 80 ns 4,8,9 

12] taa a Time from Column Address - 30 = 35 — 40 | ns | 49 | 
13] tcac Access Time from CAS — 20 | — 20 re 25 ns 4,8 
ne CAS Pulse Width ai 20 | 10K | 20 We 2 | 10K | os || 

“415 | tps _| RAS Hold Time 20 | - 20 = 25 _ ns 

16] tres Read Command Set-up Time | 0 a 0 a ia 0 - | as 

17| tron Read Command Hold Time Referenced to S| 0 [= ae 0 = ie 0 - ns 6 

18] terri Read Command Hold Time Referenced to RAS 0 _ + 0 - | 0 - ns 6 

)19| tcrp CAS to RAS Precharge Time 5 aa 5 = | ns | 1 

20! torr Output Buffer Turn-off Delay | 0 20 ns 5 

21| twp Write Command Pulse Width _ ns 

22| tcp CAS Precharge Time a ns 

23] tar Column Address Hold Time from RAS - ns see : 4 

24! twcr | Write Command Hold Time from RAS - ns 

25) twes Write Command Set-up Time _ ns ir: i 

26| twcn Write Command Hold Time > ns 

27| tos Data In Set-up Time = ns 7 

28) toy Data In Hold Time a ns i 7 


HYMS581000BL 1,048,576 <8-Bit CMOS DRAM MODULE 





















29! tpuR Data-In Hold Time Retgenced to RAS ae 50 {= 55 - 60 - ns 
30] tcpa Access Time from Column Precharge = 35 — 40 = 50 ns 4 
31| tec___| Fast Page Mode Read or Write Cycle Time | 40 | - | 45 | - | 55 | - | ns 
32) trwL Write Command to RAS Lead Time 20 - - 25. = ns 
34| trec RAS to CAS Precharge Time 0 - 0 - 0 ae ns 
tcsr CAS Set-up Time(CAS Before RAS Cycle) I 10 a ae 10 - a 10 - ns : 





tcur _ | CAS Hold Time(CAS Before RAS Cycle) | 15 | — 2 | - 2 | a ee 


i 
+ 
Transition -Time(Rise and Fall) 3 | 50 3 | 50 3 a 50. |- as | 3 

































































37) tr 
[38] trer | Refresh Period | — las | — | 128 | — | 128 | ms | 
——— a rs 

[39 trasp is Pulse Width(Fast Page Mode) 60 | 200K jE ae 200K. 80 i] 200K. ns ui 

40! tcpr CAS Precharge Time(CBR Counter Test Cycle) | 30 - 35 - 40 _ ns |_ 

ada tcLz eas to Output Low Impedance © 0 ae a 0 iz = ai 0 a ae ns 4 | 
42) tcsy CAS Hold Time ; 60 _ 70 a 80 ar ns 
t ae ae Tart = r 

43 |_twre uk to RAS Precharge Time(CBR Cycle) 10 a 10 - 10 | -_ ns 
[44] twrn | WE to RAS Hold Time(CBR Cycle) | 10 | - | 10 | — 1 | — | as | 





NOTES : 

1. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume ty=5ns. 

Vyy(min.) and Vy, Gmax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy, and Vy. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tpcy or trrH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tp¢p(max.) limit insures that tpac(max.) can be met. tacp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac- 

Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If taap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 











SNA W SY DS 


Na 


CAPACITANCE 
(Ta= 25°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 











Input Capacitance(Ag- che WE, CAS, RAS) 


[gH petnneso9DG) 
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~ HYMS581000BL 1,048,576 X 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 


READ CYCLE 


trcia) 


<+—_———— trp, RP(3) 





ee ay, me OMNUIMUUUMIN 
in _ = a a’, 


<< toas(14) —— | |" 
taRH(18) 





////011101/111111 rr ZZ LLLTL/ 
“Teale | oa ate 
ae ve _— HIGH-Z : Y/) | wom | 


EARLY WRITE CYCLE 





m Ym an NN 


tbe (27) | ton DH(28) 


mo LLL LL LLL LLL LD RLLLLLLLLLLLL LLL LLL 


> 





toHR(29) 
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HYM581000BL 1,048,576 < 8-Bit CMOS DRAM MODULE 


_FAST PAGE MODE READ CYCLE 


trPi3) 


trase(3g) ———A$ A> 







Vie «-t 
_> CAR (6) 
RAS 
Vil 
torP(ia) <+— trsHi15) —> 
—>’ 
CAS Vin —— 
V 
Lo 


LASR(4) 


hohe yp a Bao LLL 88 MLL LLL LL. 


cil trcsi6) + traniia) 
. tacH(17) > ||<— troH17) > + tracy 
we Ov LY ial MLLLILLLLLL, 
WE . Mpa G4 +—1cnc(13) —> + toaci13; > — toacyi3;—> 


taa(i23 -—— taaci2)-—> 


tract) ———> tcpayso) ——> 


— torr(20) <— torr(20) <M KorF(20) 
Vou — V/) V /, NALID 7 MAJvauo 
TKK 
ba Vo. / Aoata J ADATA JADATA 
«> 7 ~_—_—P 
terz(an terzan . teizi4y 


FAST PAGE MODE EARLY WRITE CYCLE 























trria) 
trase(3g3 A$$ A __—__—— > 
aaeres Vin 
RAS 
Vin 
+\®_ ——tcsu(42) > 
‘tcRP(19) > pane 1) 
= 
ses Vin —— 
GAS IH 
tesa iz tcani9) 
tascia) 
. ABD COL _ 
ae —— ROOK 855 i a Seen 
twes(2s)—» 
|__| 
— Vin pases 
we - ZIT, WTTAITILLL 
hh Ly / 
twe(21) i twp(21) 
ton;28) tewe(32,————» 
tos(27) |+—> <+——_——> 
Vin —~ 
pa . 
Vil 
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HYMS81000BL 1,048,576 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 















mw 

wn Y= TN omroomem KT 
CAS-BEFORE-RAS REFRESH CYCLE 

on - Ee 

me OTF XU 
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HYMS581000BL 1,048,576 8-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 





oc Vin —— 
RAS . 
Vir 
tcrp(r9) 
<+——» 

aoa Vin — 
CAS 

Vic 








tasRiai | <|—> 


View — ROW 
om RY 






/ 











e “777 OF RET 
co Yor 1) nT 


terz(41) 


HIDDEN REFRESH CYCLE(WRITE) 








trasit) —> | |<— trp) —>| | 


tras(n 
= Vin — 
RAS 
tcrPris) —_— RCD(10) ———> | «#— trsHi15 ea — (36) > 
—— Vin —— 
CAS 
Vit 









ne, Oe | ee 
= “= ZZZTIN am “RUE. 


tawi: 32) 
tosi27) 
| [— t(28) —> 


oo 77MIN mm XT 


toHR(29) ——————_> 
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HYMS81000BL 1,048,576 X8-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





—_—> 
<a -trcHi7) —_ 


tewi(33) 


we TR RUIN __l “WT 
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HYMS581000BL 1,048,576 8-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYM581000BLM. 


UNIT : mm 





















nn 


oOooogog000oOoooOoOoooOOoOoOoOoOoOoOoOoOOoOOON 





1.27 +0.08 


TOLERANCE : + 0.18mm 


* DETAIL OF CONTACTS 


ree 
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MEMO 





DESCRIPTION 


The HYMS591000M is a 1M words by 9 bits 
dynamic RAM module and consists of nine 


HY531000J Fast Page mode CMOS DRAM in _ 


20/26 pin SOJ package mounted on a 30 pin 
glass-epoxy printed circuit board. 0.22uF de- 
coupling capacitors are mounted under all the 
1M DRAMs. 

HYM591000M is suitable for easy inter- 
change and addition of 1M bytes memory with 
parity RAM. 


BLOCK DIAGRAM 


Ag-Ag O 


RAS O 





CAS O 
WE 


O DQ, a 


alana onl 


M441201C-JAN92 


FEATURES 


° Fast Page Mode operation 
¢ Fast access time 





HYMS591000M-70 





HYMS591000M-80 
HYMS91000M-10 











* Single power supply of 5V+ 10% 

* CAS Before RAS, RAS only, Hidden 
Refresh 

* Low power operating 
4.21W max (HYM591000M-60) 
3.71W max (HYM591000M-70) 
3.22W max (HYM591000M-80) 
2.72W max (HYM591000M-10) 


_ © TTL compatible inputs and outputs 
_ © §12 refresh cycles / 8ms 


PIN NAMES 


rc 














ADDRESS INPUT 


Ao—Ag 
PD DATA IN FOR PARITY 


COLUMN ADDRESS STROBE 
CAS FOR PARITY 
















POWER( + 5V) 
GROUND 











O DQ2 PH O DOs 


eS l=] Peet 
ae ale 
PCAS O-| ie 
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HYM591000 1,048,576 X9-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


HYM591000M 


Von «) IO 
CAS (2) 10 
DO 3) JO 
Ao @ 10 
A 6) IO 
DQ; (6) 0 
A2 7) JO 
A3 ~) ID 
Ves © [0 
DQ. (10) oO 
Aa a1) IQ 
As a2) 0 
DQ3 a3) 1D 
Aé 1 IO 
Ay as) IO 
pa, =e) 10 
Ag a7) ID 
Ag as) 10 
nc (19) 1D 
pa, (20) JO 
We (21) (0 
Vss  -(22)—«dO 
DQ. (23) Oo 
NC (24) $10 
DO, (25) JD 
PO (26) 1D 
RAS) (27) ID 
PCAS (28) ID 
PD (23) 10) 
Voo (30) D 





NOTES : : 

1. Common CAS control for eight data-in, and data-out lines (DQ0-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ0-DQ7). 
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HYM591000 1,048,576 x 9-Bit CMOS DRAM MODULE 
- 


ABSOLUTE MAXIMUM’ RATINGS 



































SYMBOL PARAMETER RATING UNIT 
re Ta Ambient Temperature 0 to 70 Cc 
Tstc Storage Temperature( Plastic) —55 to 150 Cc 
Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 
Vpp '| Voltage on Vpp Relative to Vss ; —1.0 to 7.0 Vv 
los Short Circuit Output Current 50 mA 
Pr __|_ Power Dissipation 5.4 WwW 














NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. , 


RECOMMENDED OPERATING CONDITIONS 
(T,=0°C to 70°C) 







































_. PARAMETER MIN. AYP, 
Supply Voltage. 4.5 5.0 
Input High Voltage 2.4 a 
Input Low Voltage —1.0 = 


NOTF. : All voltages are reference to Vgs. 


DC CHARACTERISTICS 
(T,=0°C to 70°C, Von=5V+ 10%, Vss=OV, unless otherwise noted) 




















































































































SYMBOL PARAMETER _ __TEST CONDITIONS __| SPEED aia UNIT | NOTE 
| Tuy | | Input Leakage Current(any input pin) Vss < Vin < Vpp 90 yA "1 
lio | Output Leakage Current for Vss < Dout < Vpp 10 iA 
| High Impedance State RAS, CAS at Vin [ 
—60 765 
—70 675 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) | 80 af 585 mA 1, 2 
hs L —10 495 L 
Ipp2 Vpp Supply Current, TTL Standby | res he. : 1 18 mA 
: —60 765 
Vpp Supply Current, —70 675 
lps RAS-only Refresh tec=trc(min.) [80 ses | mA : 
on f. ; | —10 | 495 | 
—60 585 
Vpp Supply Current, ~70 495 
Ippa Fiigt bauetiione Minimum Cycle [See > atlas | aA 1, 2 
' ~~ | Vpp Supply Current, RAS > Vpp—0.2V, CAS= 9 cn 
no |_CMOS Standby ; Vin, other inputs > Vsg | 
~60 765 
Vpp Supply Current, —70 675 
pope CAS-Before-RAS Refresh tre=trc(min.) —80 sag || 3 
fe eee a ; —10 | 495 . 
Vow Output Low Voltage IoL=4.2mA 0.4 Vv | 
| Vou | Output High Voltage | tou=—SmA ‘i | 24 v | 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with output open. 
2. Ipp is dependent upon the number of address transitions, Specified [pp (max.) is measured with a maximum of two transitions per address cycle in 
fast page mode. 
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HYMS591000 1,048,576 x 9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 


aes to 70°C, Vpp=5V+ ne Vss=OV, unless otherwise noted. ) 


_HIYM591000M 





a - PARAMETER 


tras 


tasR 





{RAH 


Row Address Hold Time 





oO 


(RAL 


Column Address to RAS Lead Time 3 
RAS to Column Address Delay Time 


Column Address Set-up Time 


tRaD 


io 
ee 


tasc 








— | 
wl) dy Ms io) 





an_| Column Address Hold Time EL 

= Ee 
Access Time From RAS | ff oo | 
Access Time From Column Address 30 | | 
Access Time From CAS 20 tall 
Mtoe CAS Pulse Width 10K 
sa 


o|o 


116] trcs | | tres _| Read Command Set-up Time 
17] tracy | Read Command Hold Time Referenced to CAS 


Read Command Hold Time Referenced to RAS 





w 
| le 
— 
wm 










ry tea 
iio entree fv) in| fo) | 


Po, | [=| | 
roy 
op] he 














ns | 
Pao] [wf as | we | 
| 70] | 80 | 100 | ns | 3,4,5 
cs [ol] | 52 






































19 CAS to RAS Precharge Time 
20] torr | Output Buffer Turn Off Delay 








21] twe Write Command Pulse Width 




























tcp | CAS Precharge Time 
































































Write Command Hold Time 











Data-In Set-up Time 














ee Column Address Hold Time From RAS 
twcr | Write Command Hold Time From RAS 
a twes 
Data-In Hold Time 
Data-In Hold Time Reference to RAS 


Write Command Set-up Time 
Access Time From CAS Precharge 






























Fast page mode eyelet time 
2] tee | Wate Commando RAS Led Te 
tcwi. | Write Command to CAS Lead Time 

34] trpc | RAS to CAS Precharge Time 

35 CAS Set-up Time(CAS Before RAS Cycle) 











tcsr 
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HYMS591000 1,048,576 x 9-Bit CMOS DRAM MODULE 




















De eee ee ee _HYMso00M 
ee ee is __|MIN.|MAX.| MIN. MAX. atacactael 





36] tcur | CAS Hold Time(CAS Before RAS Cycle) 15 15 | ns 


Transition Time(Rise and Fall) 3 | 50 3 | 50] ns a 


see [Ewan ool Pa al 

ier [Refs mereals2 Ges) ——SSSCS=~iSCi | 8s 
40| ease | Fast page Mode RAS Pulse Wish | @ || || w) [1 
alee CAS Precharge Time(CBR Counter Test Cycle) | 40] | 40 | 40 50 


NOTES : 


1. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a referenced point only. Iftpap is greater than the specified 
trap(max.) limit, then the access time is controlled by taa and tcac. 


























nN 


. Operation within the tpcp(max.) limit insures that trac (max.) can be met. tpcp(max.) is specified as a reference point only. Iftrcp is greater than the specified 
trcp(max) limit, then the access time is controlled by tcac. 

. Assume tRAD < tRAD(max.). If tRAD is greater than trap(max.) then tRAC will increase by the amount that trap exceeds tRAD(max). 

. Assume trpcp < trcp(max.). If tpep is greater than tacp(max.) then trac will increase by the amount that trcp exceeds tp¢p(max). 

. Measured with a load equivalent to two TTL loads and 100 pF. 

. Assumes that trcp > trcp(max.) and trap < trap(max.). 

. Assumes that tpcp < tpcp(max.)and trap > tRap(max.). — 

. Either tprH Or tpcH must be satisfied for a read cycle. 

. {OFF and toy define the time at which the data output achieves the open circuit condition and is not referenced to the output. voltage levels. 

. twcs is not a restrictive operating parameter. This is included in the data sheet as a electrical characteristic only. If twcs > twcs(min.), the cycle is an early 
write cycle and the data out pin will remain open circuit(high impedance) throughout the entire cycle. 

11. tps and tpp are referenced to the latter occurence of CAS or WE 

12. Access time is determined by the longer of tga, tCac. or tcp: 

13. ty is measured between Vypy(min.) and Vy (max.). 

14, AC measurements assume ty =5ns. 


Sw amarI ANH EW 


_ 





15. An initial pause of 200us is required after power-up and followed at least 8 initialization piesa combination of cycles containing a RAS clock such as RAS 
only refresh). 8 initialization cycles are required after extended period of bias without clocks. 


CAPACITANCE 
(Ta=25°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted) 





























[- SYMBOL 1 PARAMETER 

Cint Tapa Cinscianes Cue Ao, WE, CAS, RAS) 
Cin2 Input Capacitance(PD, PCAS) 

Cpa I/O Capacitance(DQy—DQ;) 

Cpa L Output Capacitance(PQ) 
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HYMS591000 1,048,576 x 9-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 


READ CYCLE 














OO TSS 
<+— tran(s)—> iS tcaHrg) : 
rote yy ZZ row nooness K/////7 DM somes LW LLL LLLLLALL 
= ho me ee 
trcoi10) Eeeeet ran eee — 
me WOT I) Nn ACZAZIZTTZ 
, <e——__tan(r2) —___» . 
terz(98) > +— | tor Fi20) 
trac(tt) 
wT 00 DT wom |) 
EARLY WRITE CYCLE 
_—— tac2)— er 


DQ 
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Viq —— 





trasi) SS 


Ws = 7 ron a = ane cor a ee 


, ROW ADDRESS ( COLUMN ADDRESS 9 
ti 

















tcrp(ig) 
—_————> 


“WTI 


Ve LLL LL D8 III LLL LLL 
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HYM591000 1,048,576 x 9-Bit CMOS DRAM MODULE 
ee ee ee ee | . 


FAST PAGE MODE READ CYCLE 


trea) 













+ : trasP(4o) —_—_$f—___________-» 
ARS Vin —— Rc ame 
Vit 
ferns <—trsH(15) —> 
<—_——_—— tpcia) : 
tcpi22) 
<— trcoi19) <t——tcas(14) —>| |<—— ie 4) — 
pa Viq —— 
CAS 
Vit 
l= 
tASR(4) 
Vin — COL / 
Mites rat LY DA| x5) UMNUUM LLELILL, 


+ tarHiis) 
* trcni7) 


“ee S77) i en MLLLL LL, 





tc.z(38) 
<?-—_—_—_?>» 





Von — 
Voi — 





Dour 


trP(a) 





- tRasP (40) ASA 


RAS 
Vit 
{cAP(9) 

rr 


Vin —_—— 











CAS 
wm TEED SANE ZIRE NTNU 


twos25)—»> 


| UUM 


f Nec > 


mT | A UMM 


twe(21 twp(21) > 












trwi(32)———_» 
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—_—_> 
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HY¥M591000 1,048,576 x 9-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 








tac) 


<< tra) ———> 










rote ys Tm rom ooress K/L 


+—> | torprig) 
ene Viq — , 
CAS 
Vi. 


VoH — 
DQ een errr }{|(5 }{-Z 
‘OL 


CAS-BEFORE-RAS REFRESH CYCLE | 














traci) 
+\@_——trp(3) ———» 















Vin —_ 
ws Se Lay 
RAS 

Vi —— 

+ treciaa) > 
tepi22) i tcsr(3s) t 
| tc (6) ——___» 

Vin —— 
CAS 

Vit 

+> | toFF(20) 

Vou — ; 

Da V HIGH-Z 
OL . 
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HYM591000 1,048,576 X 9-Bit CMOS DRAM MODULE 


HIDDEN. REFRESH CYCLE (READ) 





CHT TTT 


RLLLLLLLLLLLLLLLLALLLLLL. 


taacay 


+ Kaci <—| torr20) 

ae [/M vara] 
D - 
Q haere {/ /® VALID DATA , 

—.| |+——. 
teiziss 
HIDDEN REFRESH CYCLE (WRITE) 
<?+A—_——— tras) —————— | | + trea) + —_—— tras) ———____ 
RAS aa 
t a (ee 10) > | <+— —_ << —_—_—_—_ —_———7- 


CAS 






tascie) 
Oe) | <4 teat (9) 


SDE XD WI 
— 





_ WT 


t 
$(27) 
—_——>| |< to(28) — F 


we LTT. 


oo LLL sons XL 


HR(29) ——_—_—_> 
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HYMS591000 1,048,576 x 9-Bit CMOS DRAM MODULE . 
Cann nerenn ree eenerereeeeeeee eerrerra 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


<> 
tras) 





RAS : = 

1 

" anes <a ———trsH(15) —___--———_> 

—_—r| |< i <+—tpr¢41) — | | <tc) ———_ 
. ms - 
7 a 
Roahs : on Yj VIL 1, 
READ CYCLE <— toacig) > > |toFF(20) 
mY (_woom [3 
<— trcs(16)—> +> | trace) 
, Vie 7 L/ 
we OTT LLL 
a _ trcHi17) —> 

WRITE CYCLE 


«+t 


m = ZL |" TTL. 
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HYMS591000 1,048,576 X 9-Bit CMOS DRAM MODULE 
ea a IE a SE ee 
PACKAGE INFORMATION 


HYMS591000M 


UNIT : mm 








88.90+ 0.13 
82.142 0.13 


93.17 + 0.05 





1.27+ 0.08 
—_———. 





* DETAIL OF CONTACTS 


~« HOO 
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MEMO 


BOM 


IMX9-Bit CMOS DRAM Ny (@) BL 6) Be 





DESCRIPTION 


The HYMS591000AM is a 1M words by 9bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of two HY514400J 


and one HY531000J both in 20/26 pin SOJ | 


mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22uF decoupling capacitors are moun- 
ted under all the DRAMs. 

HYMS591000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of 1M bytes memory with parity RAM. 


BLOCK DIAGRAM 


CAS 





M481 SODA JANG? 


FEATURES 
¢ Fast Page Mode operation 
° Fast Access Time = 


HYMSDIOOOAM-80 80 [95 [35 
IHYMS591000AM-10| 100 | 25 | 60 | 
Single power supply of 5V+ 10% 
CAS Before RAS, RAS only, Hidden Refresh. 
¢ Low power operating 

1.46W max (HYM591000AM-70) 

1.30W max (HYMS591000AM-80) 

1.13W max (HYM591000AM-10) 
¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/16ms 











PIN NAMES 











DATA OUT FOR PARITY 
Bes | ROW ADDRESS STROBE “i 












COLUMN ADDRESS STROBE 
CAS FOR PARITY 
WE | WRITE ENABLE 


Vpp POWER(+5V) 
Bee, 
Vss GROUND 
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HYMS591000A 1,048,576 X9-Bit CMOS DRAM MODULE 


PIN CONNECTIONS 


Vop a) [2 
CAS) 2) 10 
DQ (3) JO 
Ao 4 ID 
A 6) 10 
DQ, (6) 10 
A2 (7) JO 
As (8) (0 
Vss (9) JO 
DQ2 ao) [0 
Aa anid 
As a2) |O 
DOQ3 (43) 10 
Ag (14) 19 
A; a5) 10 
DQ, (16) JO 
As a7) {0 
Ag as) {0 
NC aa) (0 
Dos, (20) |0) 
WE (21) J 
Vss (220 0 
DQe6 (23) |0 
NC (24) 1 
DQ, (HI 
PQ (26) {0 
RAS) = (27). 10 
PCAS (28) | 
PD (29) JO 
Vpp (30) 





NOTES : 


1. Common CAS contro! for eight data-in and data-out lines (DQy-DQ?). 
-2, Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 


3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQy-DQ7) 
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HYMS591000A = 1,048,576 x 9-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER 








RATING 














Ambient Temperature 





0 to 70 





Storage Temperature(Plastic) 








—55 to 150 

















Vin, Vout Voltage on Any Pin Relative to Vss 


Short Circuit Output Current 





| Vp Cd Voltage on Vpp Relative to Vss —1.0 to 7.0 












—1.0 to 7.0 








Power Dissipation 











NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) 


SYMBOL PARAMETER LEM Vee 


Input High Voltage 








Input Low Voltage 








NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS 


(T, =0°C to 70°C, Vpp=5V+t 10%, Vss=O0V, unless otherwise noted.) 












































































a SPUR eS Ee _ | HYMS591000AM Ss 
PARAMETER west CONDITIONS. SPEED MAX, UNFF | Nome 
Input Leakage Current(any input pin) Vss < Vin < Vou" 30 pA 
Output Leakage Current for Vss < DourS Vpp ii t ie 
High Impedance State RAS, CAS at Vin 
265 
Vpp Supply Current, Operating trc=trc(min) 








RAS, CAS at Vin 
other inputs. Vss 





Vpp Supply Current, TTL Standby 


















Vpp Supply Current, 


ee trc=trc(min.) 
RAS-only Refresh 





































Vpp Supply Current, 


Minimum Cycle 
Fast Page Mode - 


RAS>Vpp—0.2V, CAS= 
Vin, other inputs> Vss 





Vpp Supply Current, 
CMOS Standby 
































Vpp Supply Current, 


pues — trc=trc(min.) 
CAS-Before-RAS Refresh 

























Output Low Voltage IoL=4.2mA 











Output High Voltage Ion= —SmA 

















NOTES : 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYM591000A._ 1,048,576 X 9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) Noes: 1. 2.3 


HYM591000AM — 













# |SYMBOLL "PARAMETER 


_| MIN. | Mu /|MIN | MAX. | 
SNA BE GT 
Pat ec fenton tate arti tue f= foe = tae [= fa [ 
3 ae [RAS Precharge Time castes 0 ee 
Row Address Set-up Time 
5 


Row Address Hold Time _ 10 10 
trAL Column Address to RAS Lead Time 35 40 pe 
trap RAS to Column Address Delay Time <a ars 


tasc Column .Address Set-up Time 0 


[ese nae sf 
io en [RAS w CAS Deyn Po Pn ss 


























eins an 

















11 | trac Access Time from RAS 70 4,8,9 
12| taa Access Time from Column Address 4,9 
13| tcac | Access Time from CAS Sia 48 




















14| tcas CAS Pulse Width 10K 
15 trsH RAS Hold Time _ 
16 | trcs Read Command Set-up Time | of - | of —- | 


17 | trcu Read Command Hold Time Referenced to CAS | of - | of - | of = | 
18 | trry Read Command Hold Time Referenced to RAS Ls aa ee 












































19 CAS to RAS Precharge Time 
20 | toFF Output Buffer Turn-off Delay 
21 Write Command Pulse Width 
22 CAS Precharge Time 


















Column Address Hold Time from RAS 
cee Write Command Hold Time from RAS 
Write Command Set-up Time 

twcu Write Command Hold Time 

tos Data In Set-up Time 

tox _| Data In Hold Time 
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Fy 














# |SYMBOL 


cc ee 
licen [hoes ad Cea ees | ae] | ee 
Si eee eae ee ees | onl |) 

33] em | Wite Command w GAS Lesa Tine | 20 | =| 25 | 
34| se [RAS o GAS Prectane Time | 0 | = | 0 
Fis] con | GAS Setup Tine(CAS Before BE GaQ [10 = | wo | — 
rie] scm | ERS Hold Time(CAS Beowe RAS Guo) [30 | = | 30 | = 
37) tr Transition Time(Rise and Fall) 3 3 50 
Refresh Period 
RAS Pulse Width(Fast Page Mode) 

CAS Precharge Time(CBR Counter Test Cycle 


40 

ae a ss oc eects 
real oR 
| tar [WE w RAS Pecans: Tne(CoR Ga) [wT 
| 44| twrn | WE to RAS Hold Time(CBR Cycle) | 1 | - | 


NOTES : ‘ 

1, An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume ty=Sns. 

VyHCmin.) and Vj, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyy and Vj,. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

tofF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tpcy or tpRRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tacp(max.) limit insures that tp ac(max.) can be met. tp¢p(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

Operation within the trap (max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta,. é 
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w nN 


LF) 
ala 









































FAA vw P Yd 


%° 


CAPACITANCE 
(T,=25°C, Von=5V+ 10%, Vss=OV, unless otherwise noted.) 














SYMBOL, | PARAMETER © 
Input Capacitance(Ao-A9,WE, CAS, RAS) 
Input Capacitance(PD, PCAS) 

Poe eee ee ee 
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TIMING DIAGRAM 


READ 


pa 


EARLY 


AgrAg 


al 
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CYCLE 
tacia) 
Vin — ——  — tarirzy 
— trict 


+ ——_ trP(sy __ 


OOO tSH142); 
tasrya) ~~ <—______—______- trarye) 


+ tRAH(s) —> + | tania) 


vo ZZ PX rowanoress K///7// 7 xsoress III LIV ITLL LLL LL LAL, 
aren heeeeae ae ae 
= = aa ee, 


+__§|_ trio) 


mM Koascia 14) 
taRH(is) 


— TTT) KLLAVLLLLLL 


<<? teaci3)—> 
<———_. taac12) ———__» 
terzen |<¢—_—> <+— >| torr20) 
traci 


Vou — ‘ 
OH HIGH-Z ’/ é VALID DATA aie. 
Vow 77 . 








WRITE CYCLE 


+A tren) 








Vignes 
tae tras 
iL A 
ticsH(42) ° << trp(3) —____» 
ae 
tasnya) <— tRAH(s)—> 


ve — LL rom annness K/////') XT 


tascie) |<¢— |} | <e— toaty9) >’ 







ie ZILTIRTTTITIT DD EVMIIIIITILILLTLLILILLLLLL 


tosie7)j<t | |< tor(28) 


Ve LLLLLALLLLLLL LLL LD 8 ILL LLL LLL LLL. 
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HYM591000A 1,048,576 X 9-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE 










i trP(3) 
trasP(sg) —— > 
Viv <«—t 
pa — ‘CAR (6) > 
RAS 
Vit 
+ csn(42) ———_> 
torpirg) <«— _ trsH(15)——> 
—> 
asia) — 
peers Vin 
CAS 
Vii 7 


taSry4) > 


ne al mk WLLLLLLLLLLLL, 


ey cS 
AgAg Wee ‘y F Ab X/, WA | S85 
eee Sl + tarHis) 
treH(17) > trcH(7) EH >  trcna7 
we OU LY aot — 
WE Vii — tency) —> + teacii3)—> + teoacii3)—> 


taai23—— taai2}—> 
tcpayso) ——> 









trac(11) ————> 
+ torr(20) <a— tlorF(20) <—\@§toFF(20) 


DQ a any v//) (patap UR (ata V/) a. 


teiz@n pene. toiz(a1 





FAST PAGE MODE EARLY WRITE CYCLE 


traps) 





trasP(g9) ———————__——- ; 


oo Vin —— 
RAS 
Viv 
+———— tcsH(42) 
torP(19) 
[taco 


CAS \\ 
Vi traHys) 










+ —____ tia) 










A es rae oe TALLIS a MTV) 


twesi25)—» 





« “7A pol 


twp(21) >| 


LLLLALLLLLL 


trwi(32)-—————> 


twP(21) 







i twe(2t) 


toH(28) 
+> 






ton(28) 
tos(27) +— <-_o 
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RAS-ONLY REFRESH CYCLE 





RAS 
Ao-Ag 
CAS 
po eg AO a a ce 
Vo. 


CAS-BEFORE-RAS REFRESH CYCLE 


FD OD trci2) 


+ tre(a) ———_> 


Vi 
en + trast 1) 


Vi 


+ tapcis4a) —> 


topr22) 


gl SA85) t 
<——__§_— tcHr (36) ——___» 
Vin — 
oR = £ 
Vit 


twrpca3) twencaa) 
<+———»| |< + 


Vin — 


WE yw AT WMMIMMMLLLLLLLLILLILLUILU“U_z 


toFF(20) ; 
te ee 
VoH —— 
DQ. HGH Z, ee 
Vor 
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HIDDEN REFRESH CYCLE (READ) 


<<+—- trP(3)-——_> 
tras; ——___> —_—_———— trasy) ————_» 





adieu terpi 19) 
+ trc0(10) ——} «— tasnis) > +@£_——— tcuaixs) —————> 
Vin pee, , 
CAS 
Vii 


tascie) |<—> 





traH(s) 
tasr(4)|<q—a | |<» 


Vin — ROW CO 
roto KO SX 


<+—_—_— tari23) 





tresi6) 


we “~TTTTIVTTT) KA RALLY LLL. 


mM >| toaci3) 





taaciay 
+> tracery <— | torF(20) 


Vou —— 
ca Yen 1) rT 


—. 





torz(a1) 


HIDDEN REFRESH CYCLE (WRITE) 


tras) ————— | | <+——trpay | | <_< tras) > 





+ ————tcuHaise) —__—__> 


CAS 






ne 
tasrra) |<—e| |<— | trans) 


rote 772M asiress 7M RALLLALLA LAL LLL LLL LLL 


twor(24) 








wee RP(43. twrH(44) 
+ >| twer(26) So 
twes(25) 


. LLL UMMM, NLL. 


tosie7) 
| f—_tt(28) — 


m0 LLL oe TLL LLL 


toHR(@9) ————-_—_> 
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HYMS591000A = 1,048,576 X9-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 






RAS 
CAS 
AgAg 
READ CYCLE = : 
oe toFF(20) 
os an oe 
~ = ae . 
= Widest. i 
i // mam, RULE 
WRITE CYCLE 
* tewr(33) 
{wrpcaa)} | twrH(44) | tawi(a2) 


me ZF RTL. 
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| HYMS591000A = 1,048,576 x 9-Bit CMOS DRAM MODULE 
SE SRL ee NA LE a PSY a TT a a) 


PACKAGE INFORMATION 


HYMS591000AM 




























UNIT : mm 
3.38 88.9 5.08MAX 
$3.18-+ 0.08 Sea : | | 
[ Pd a 
__|t 
OQOOO0O0O0D00O0O00OoOoO00OoO0OoOOoOo0On00000000 Li 
2.54 1.78MAX S$] —»|\<— 
5.59 73.66 ss 1.27+0.08 











TOLERANCE : +0.13mm 


* DETAIL OF CONTACTS 


~«L OOO 


4119 


MEMO 


PRELIMINARY 





M4M1200A-M 


DESCRIPTION FEATURES 
The HYM591000BM is a 1M words by 9 bits ¢ Fast Page Mode operation 
dynamic RAM module and consists of Fast Page * Fast Access Time 












mode CMOS DRAMs of two HY514400AJ 
and one HY531000AJ both in 20/26 pin SOJ 
mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22uF decoupling capacitors are moun- 
ted-under all the DRAMs. 

HYM591000BM. is a socket type single-in 
line module suitable-for easy interchange and 
addition of 1M bytes memory with parity RAM. 


P| trac | tex | tr _| 
| HYMS591000BM-60 | 60 | 20 | 40 | 
__HYMS591000BM-80 | 80 | 25 | 55 | 


* Single power supply of 5V+ 10% 
* CAS Before RAS, RAS only, Hidden. Refresh. 
¢ Low power operating 
1.68W max (HYM591000BM-60) 
1.51W max (HYM591000BM-70) 
1.35W max (HYM591000BM-80) 
¢ TTL compatible inputs and outputs 
* 1024 refresh cycles/16ms 


o 



















































BLOCK DIAGRAM | _ PIN NAMES 

AorAg ADDRESS INPUT | 
uae ps DQo-DQ, | DATA INPUT/OUTPUT | 
a PD DATA IN FOR PARITY 
nee ee © Ba, PQ _ DATA OUT FOR PARITY | 
CAS O eae a © DQ» RAS ROW ADDRESS STROBE | 
WE O = © DO; CAS — COLUMN ADDRESS STROBE 

OE PCAS CAS FOR PARITY 

WE WRITE ENABLE : 

Vop POWER(+5V) 

Vss GROUND | 

© DQ, 


© DOs 
Pt | ims 
ae — 
© DQ7 





ited) Sea as 
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HYMS591000B 1,048,576 x 9-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 





Voo a) 7O 
CAS 2) | 
DQo <3) ID 
Ao a4 10 
A 6) IM 
DpDa,, «© IQ 
A2 (7) 10 
A3 (8) {0 
Vss yg) 10 
DQ2 ao) 10 
Ag anid 
As a2) 1 
DQ3 a3) 10 
As a4) IO 
Az as) {QO 
pDd& )»=— 18) 10 
Ag a7) 10 
Ag as) 10 
NC an iD 
pds, (20) |O 
WE (2040 
Vsg (22) |) 
DQ¢6 23410 
NC (24) 1 
DQ; (25) {CJ 
PO (26) JO 
RAS) 27 JO 
PCAS (28) [0 
PD (29) 1D: 
Vpop (30) JO 





NOTES : 

1, Cominon CAS control for eight data-in and data-out lines (DQy-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines, 

3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQp-DQ7). 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL - PARAMETER ' : RATING UNIT 
Ta , Ambient Temperature 0 to 70 
‘— ; —}—__ 


Tstc | Storage Temperature(Plastic) —55 to 150 
Voltage on Any Pin Relative to Vss___ —1.0 to 7.0 
Voltage on Vpp Relative to Vss —1.0 to 7.0 




















Vin, Vout 








Bl<[<|olo 

















Short Circuit Output Current 50 
Pr Power Dissipation 2.1 W 





NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) 





























PARAMETER MIN. TYP. MAX. UNIT. 
Supply Voltage 4.5 5.0 5.5 
Input High Voltage 2.4 - Vppt1 
Vi Input Low Voltage —1.0 = 0.8 L | 


<1<i< 





NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 





“HYMS91000BM_ | 


































































































































SYMBOL PARAMETER TEST CONDITIONS — | SPEED UNIT | NOTE 
| Tu | Input Leakage Current(any input pin) | Vss<Vin< Vpp - 1 . - 30 pA 
Output Leakage Current for Vss < Dout < Vpp 
Ittol | eee - 10 vA 
High Impedance State RAS, CAS at Vin fe | | 
—60 = oe 
Ipp1 Vpp Supply Current, Operating trc=trc(min) —70 = 275 mA 1 
i _| —80 a 245 
I Vpp Supply C TTL Standb ecumaamgared 6 | mA 
DD2 pp Supply Current, tandby : ss 
{omer inputs > Vss a | | 
ae ae —60 = 305 | 
Ipp3 mae mies a tro=trc(min.) ~70 ~ 275 | mA 
“0 efres 
ied tl | 0 | - | 25 | 
Pee ~60 rs 205 
Idan BO SHEEN, ueue Minimum Cycle =90 a= 175. | mA 1 
Fast Page Mode 
—80 _ 145 
Vpp Supply Current, RAS > Vpp—0.2V, CAS= | 
ne CMOS Standby Vin, Other inputs > Vss 
Vpp Supply Curren 
Ipp6 ues EP oa t trc=trc(imin.) mA 
CAS-Before-RAS Refresh [ 
VoL Output Low Voltage IoL=4.zmA - 0.4 Vv 
Saas ee batts 
Vou Output High Voltage | lon= —SmA he 2.4 iz a Vv | 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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591000B 1,048,576 < 9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS | 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) NOTES :1.2.3 








| ox | 70 | 10K | 80 | 10K | ms | 
BU eee oe eee 
al ees 
i ee el 





RAS Pulse Width 


Random Read or Write Cycle Time 


RAS Prechange Time 


Row Address Set-up Time 


Row Address Hold Time 


Column Address to RAS Lead Time 


RAS to Column Address Delay Time 


Column Address Set-up Time 


Column Address Hold Time 


trcD RAS to CAS Delay 


Access Time from RAS 
taa Access Time from Column Address 
tcac Access Time from CAS 


tcas CAS Pulse Width 
trsH RAS Hold Time 


tres Read Command Set-up Time ; 


trcH Read Command Hold Time Referenced to CA 


CAS to RAS Precharge Time 


tcp CAS Precharge Time 
tar __| Column Address Hold Time from RAS 


em aoe 
24| twcr | Write Command Hold Time from RAS so | - | 355 | - | 60 | 
25) twes Write Command Set-up Time 0 - 0 _ 0 
twcu Write Command Hold Time 15 a 15 _ 
Data In Set-up Time 3) a Ole os ee ae 


28] tox _| Data In Hold Time is} - | | - | 5] - | ow | 7 | 
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> | et 
at 
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HYM591000B 1,048,576 < 9-Bit CMOS DRAM MODULE 















Data-In Hold Time Refarenoed to RAS rae | 55 6 
eee 
St] tc | Fut Pape Node Read o Wits Gute Tine [at [ [ae | - | ee 
fees ee) 
beeaSe eee ame 


33[ tem | Wete Command to CAS Lead Time {20 |= | 2 | - | 
| tr [ RAS CAS Pete Toe Po fo 


CAS Set-up Time(CAS Before RAS Cycle) 
CAS Hold Time(CAS Before RAS Cycle) 
Transition Time(Rise and Fall) 
Refresh Period 
RAS Pulse Width(Fast Page Mode) 
CAS Precharge Time(CBR Counter Test Cycle) 
CAS to Output Low Impedance 

CAS Hold Time 

WE to RAS Precharge Time(CBR Cycle) 
WE to RAS Hold Time(CBR Cycle) 




































































































































NOTES : 

1. An initial pause of 200us is required after power-up followed by 8 RAS AS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tr=5ns. 

VyyCmin.) and Vy, Cmax.) are reference levels for measuring timing of input a Also, transition times are measured between Vy and Vu. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tacH OF tpRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

. Operation within the ta¢p(max.) limit insures that tp 4c(max.) can be met. trcp(max.) i is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

Operation within the tpap(max.) limit insures that tpac(max.) can be met. hacnciaas ) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta,- 





SA ANWARYWH 


° 


CAPACITANCE 
(Ta= 25°C, Vpp=5V+ 10%; Vss=OV, unless otherwise enor) 





; ie PARAMETER 
ingot Ces WE, CAS, RAS) 




















Input CapesteneetED, PCAS) 





4-125 





HYM591000B 1,048,576 < 9-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 





READ. CYCLE 
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: us + trp(3) > 


Ag-Ag 


Da 


toSH(42). 


tasrya) <> <+-——_________—- trae 


+ trans) —> + | tcania) 


v= 77K row sooress K/7777 sates KTVT LLL, 
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7 = ae 
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“= TINT Yen UINUUIUED 


tracy 
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EARLY WRITE CYCLE 
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tesH(42) ————————$ - taPya) . 
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tasria) <e— trans) —> 










C777 DM cousmo0ressX VTL 


<— tcan(9) > 
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HYMS591000B 1,048,576 X 9-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE 






Vi —— <+—_ tar (6)——> 
RAS 
Vit 
tcrprig) )— 
—_—_—_>' 
leases 14) — 
eae Viq —— j 
CAS 
Vii 
ls 
tasR(4) > 
Vie — 


+ trrHi18) 
* trcna7) 


rote ot sos ae WL/LALLLLLL ZZ. i. 


a aie Baise ene G| = (ae ‘ie a 





tania) tanga) 
traci) ————> topacao) 
+ toeF(20) <e— torr(20) + toFF(20) 

oa V// ATA U/, VALID 7 | SANALIO 

‘ eee f yy ( Y iy (patap 

pa Wace / ADATA JINDATA pals 
<«_ «> 
terzian teiz(an terz(41) 


FAST PAGE MODE EARLY WRITE CYCLE 


trP(3) 





taasP(393 — A 







tcRP(19) > 


pies eee 
Age W— 7, ROW COL KI // N/T S85 K////) MIL //, //X Cob ////) LIM ////. ///, 


ae YESS ADD J i: i 











tenon | 


ve ant YUN 
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7 VIM 
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RAS-ONLY REFRESH CYCLE 





RAS 
Ao-Ag 
++ | tcapiig) 
CAS Vin — 
Vii 7 . 
Vo —_ 
DQ ” rece | |G H-Z 
Vo. 


CAS-BEFORE-RAS REFRESH CYCLE 


tree 
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Bao a ee 
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HIDDEN REFRESH CYCLE (READ) 


<+—— trP(3)-—-» 
<tr, ——————> -_—_————— trasi1) ——————_» 
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HIDDEN REFRESH CYCLE (WRITE) 
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HYMS591000B 1,048,576 9-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DN BB ie i] 


PACKAGE INFORMATION 








HYMS591000BM 
UNIT : mm 
s 5.08MAX 








>(__}] Co Ce 


Q000000oO oOoo0o000000 0000000000000 


Fe eosmin 





2.54 1.78MAX —+ | |< 


> 


tT 
4 
Fe 





1.27+ 0.08 





TOLERANCE : + 0.13mm 


* DETAIL OF CONTACTS 
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DESCRIPTION FEATURES 


The HYMS591000BM is a 1M words by 9 bits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of two HY514400ALJ 
and one HY531000ALJ both in 20/26 pin SOJ 
mounted on a 30 pin glass-epoxy printed circuit 
board. 0.22uF decoupling capacitors are moun- 
ted under all the DRAMs. 

HYM591000BLM is a socket type single-in 
line module suitable for easy interchange and 
addition of 1M bytes memory with parity RAM. 


Fast Page Mode operation 


Fast Access Time 
Peeters eae Cole 
| HYMS91000BLM-60 | 60 [ 20 | 40_ 
| HYMS591000BLM-80 | 80 | 25 | 55_| 
* Single power supply of 5V+ 10% 
* CAS-Before-RAS, RAS-only, Hidden Refresh. 
¢ Low power operating 

1.68W max (HYM591000BLM-60) 

1.51W max (HYM591000BLM-70) 

1.35W max (HYM591000BLM-80) 
¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/128ms 










BLOCK DIAGRAM PIN NAMES 


ADDRESS INPUT 
















DATA INPUT/OUTPUT 
A 

“ee! DATA IN FOR PARITY 

RAS O 





DATA OUT FOR PARITY 
ROW ADDRESS STROBE | 
COLUMN ADDRESS STROBE 
CAS FOR PARITY 
WRITE ENABLE 
POWER(+5V) 
GROUND 










oO 
> 
n 





al 
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HYMS591000BL 1,048,576 9-Bit CMOS DRAM MODULE 


PIN CONNECTIONS. 


Von (4) FO 
CAS) 2) 10 
DQ <3) JO 
Ao a Io 
Ay (5) o 
DQ," (6) 1 
A2 (7) 1D: 
A3 (8) JO 
Vss ) JO 
DQ2 (10) JO 
Ag ant 
As (12) {CJ 
DQ3 13) 10 
As aig 
A? as {0 
pd, = 168) JO 
Ag a7 10 
Ag asi 
NC aanipo 
DOs (20) 10 
We 2110 
Vss (22) [0 
DOs 3 (23) 10 
NC (24) IJ 
DQ; (25) 0 
PO (26) | 
RAS) = (2 109 
PCAS (28) 10 
PD 29 10 
Vop (30) JO 





NOTES : 


1. Common CAS control for eight data-in and data-out lines (DQi-DQ7). 
2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 
3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQy-DQ7). 
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HYMS591000BL 1,048,576 9-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 













































| 4 SYMBOL | PARAMETER _ 
Ta Ambient Temperature 
Tstc Storage Temperature(Plastic) —55 to 150 
Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 


—1.0 to 7.0 





Vpp Voltage on Vpp Relative to Vss 
Short Circuit Output Current 


















Power Dissipation 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 












































































































Supply Voltage . 3.5 Vv 
Input High Voltage + Vpp+1 Vv 
Input Low Voltage = — «0.8. Vv 
NOTE : All voltages are reference to Vgg. 
DC CHARACTERISTICS 
(T,=0°C to 70°C, Vov=5V+ 10%, Vss=OV, unless otherwise noted.) 
SYMBOL PARAMETER | TEST CONDITIONS — UNIT | NOTE | 
| Iu: ! | Input Leakage Current(any input pin)| Vss < Vin< Vpp . HA 
Output Leakage Current for Vss<Dour< Vpp _ 
| Ito | . — —_ = 10 pA 
High Impedance State RAS, CAS at Vin . 
60 = 305 
Ipp1 Vpp Supply Current, Operating trc=trc(min) 70 _ 275 mA 1 
80 = 245 ‘ 
RAS, CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby = 6 mA 
. other inputs > Vss 
Vpp Supply Current, 2 — | = 
Ipp3 trc=trc(min.) 7 | = 275 mA 


RAS-only Refresh 


Vpp Supply Curren 
ipa peas . Minimum Cycle 175. | mA 
Fast Page Mode 80 | 146 
Vpp Supply Current, RAS > Vpp—0.2V, CAS= 
Ipps CMOS Sisnat : 0.6 mA 
tandby Vin, other inputs > Vss 
305 
5g | ee ca ers eee 
DD6 — —— = . 
CGAS-Before-RAS Refresh oer 




















CAS=CBR cycling or 0.2V, 
OE =WE=Vpp—0.2V, 
Add=Vpp—0.2V or 0.2V, 
Vpp Supply Current, IWV/O=Vpp—0.2V or 02V or ope 
Battery Back up trc=125us, tras=tras(min.) 


~300ns 
Same as above. 12 
except tras=300ns~1ys : me aed 


Vou | Output High Voltage lon=—SmA 24 [| - Ve 
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Ipp7 











NOTES : 
1. Ipp is dependent on output loading when the device output is selected, Specified IpDp(max.) is measured with the output open. 








HYMS591000BL 1,048,576 <9-Bit CMOS DRAM MODULE 


AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vov=5V+ 10%, Vss=0V, unless otherwise noted.) NOTES : 1. 2. 3 
















#|SYMBOL| PARAMETER = Ee Ne 

rif ms [RAS Pale wih SSS | | 70 | OK | 0 | 10K | mw |_| 
| 2| tac | Random Read or Write Cycle Time | 120 | - | 130 | - | 150 | - | os | | 
[S| tr [RAS Prechage Time —=SSSS«dT S| | wo | | | - [| | 
Va] taux [Row Addis Setup Taso | _#| - | 0] ~] 0] 
rs] tea [Row Addres Hold Time | 0 | = [10 | - [10 


Column Address to RAS Lead Time 
RAS to Column Address Delay Time 
Column Address Set-up Time 
Column Address Hold Time 

RAS to CAS Delay 

Access Time from RAS 

Access Time from Column Address 
Access Time from CAS 

as _| CAS Pulse Width 

RAS Hold Time 

trcs Read Command Set-up Time 



















nN1o!l|o wm 


Yi w w 
3 ca) Milian 


of 
8 






vy 
=) 


trcH Read Command Hold Time Referenced to C 
trRH Read Command Hold Time Referenced to RAS 
CAS to RAS Precharge Time 

Output Buffer Turn-off Delay 

Write Command Pulse Width 

CAS Precharge Time 

Column Address Hold Time from RAS 


'WCR Write Command Hold Time from RAS 50 
WCS Write Command Set-up Time 0 


Write Command Hold Time 15 
Data In Set-up Time 0 


28 Data In Hold Time 15 


aan) — to | 
alSlalaleleis[elsleololslal 







wm 
| I 


iS 
g 
a 


FF 


> 
ro) 


— 
wm 


S 
- 
$ 


re) 
3 
> 
A 
2 
8 
— 
S 
A 
to 
R 
S 
nw 


=) 
alle efit peel | 
° 
Ss) 
| | a 








— 
Oo 
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a 
wn 








a 













BAS 
dd 





Ss 
a 
- 
= 
6 
= 
_ 
wn 
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+ 
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— —_ ws 
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HYMS591000BL 1,048,576 X 9-Bit CMOS DRAM MODULE 












_ BYNESIO0BM, ‘ 











Data-In Hold Time Referenced to RAS 
Access Time from Column Precharge 






29| tome 
30 
nea a ee We Gains [we [=| 
32] twwn | Write Command to RAS Leed Time | 20 | = | 25 | — | 
3] tom [Wite Command w CHS tnd Tine [an [= [0 | 

RAS to CAS ‘Bischaige Time o{ - | of - | 


























a CAS Set-up Time(CAS Before RAS Cycle) 10 a 
36 | tour | CAS Hold Time(CAS Before RAS Cycle) 15 - | 20 ie 

















Transition Time(Rise and Fall) 3 | 50 aE 
| trer | Refresh Period _ 128 7 128 
os RAS Pulse Width(Fast Page Mode) 


60 
CAS Precharge Time(CBR Counter Test Cycle) | 40 | - | 40 - 
ae CAS to Output Low Impedance 0 - 
CAS -Hold Time 60 | - 


WE to RAS Precharge Time(CBR Cycle) UN 
[44] twr | WE to RAS Hold Time(CBR Cycle) laa 


NOTES : 
An initial pause of f 206ps is required after power-up followed by 8. RAS 5S cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tr=5ns. : 

Vypy(mnin.) and Vj_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyy and Vy. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. . 

Either tpcy Or trary must be satisfied for a read-cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If 'repi is greater than the specified 
trcp(max.) limit, then“accéss time is controlled by tcac. 

Operation within the tpap(max.) limit insures that tpac(max.) can be met, tpap(max.) is specified as a reference point only : If trap is greater than the specified 
tpap(max.) limit, then access time is controlled by ta. 
























































SAAN YN = 


so 


CAPACITANCE 
(Ta= 25°C, Voo=S5V+ ne Vss=0V, unless otherwise noted.) 
















Input CapatitanpaC hy: “Ay, WE, CAS, RAS) 
Cin2 , * Input Capacitance(PD, PCAS) 


| Sa ee 
| Cre | Output Capacitanee(PQ) | 
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HYMS591000BL 1,048,576 < 9-Bit CMOS DRAM MODULE 
RE EY EPS SSS PS SG TS 


TIMING DIAGRAM 





READ CYCLE 
trea) 
RAS “ — —_— ———— taniaa) ee 
R + tpp(33 > 






tasrca) |< 
<*— tras) —> 


tots TD nowasoness 77/7 Mss MLL 
ca] eras 
ve el A | 


+—_—__—_——_ traconio) 


\ tcas(ia) —— ; 
trrH(18) 


wm a LIN TLL) LLAVLLLLL 


<< toaci13;3—> 


<4 ———__ tania) ——___» 









: tetz (a | <+—_—»> —}| torr(20) 
SS traci) 
mS on ON noon | 
OL 
EARLY WRITE CYCLE 
_—  trorry- 
RAS Viw — ht OOOO OO 
Vie 
+ 2) rr 
ton 
tasria) [<-> RAH(S5) 
Vis — 
Ao-Ag Ve 
moss, ! Vin —— 
CAS Vii — 


fa 


i ELA LA LLLLL LL N “WITT 


| “ITT omen XI 


————_» 





toHR(29) 
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HYMS591000BL 1,048,576 < 9-Bit CMOS DRAM MODULE 
A PSE ESP SS DD OE SEN, TOE NIE RESID 


FAST PAGE MODE READ CYCLE 














— - trasP(3g) Pile 
se Vin —— , <+— {car (6)——> 
RAS a 
torpi9) 
ee 
+ trcpi10) 
Vin — \ 
‘ oe Vie _ 
tasA(4) = | tascis) 
pote ye _ RRB BB LLL 5 LLL LLLLL 


f COL 
abo 20 /// | 505 
l 
trcsi16) _—_ |= tecs0s * trays) 
trcH(17) > ||+— tACH(17) —» + trcHy17) 


{ 
we TTA WA Lee WA ewe) | KELL 


taaii2) —— taaci2)— 


traci) ———— topaco) 


| torec20 <e torr(20) >| | <—torri20) 4 
Vou —— V/) V/, VALID y VALID 
(| (| D (| | 4 / YY ¢ : " 
DQ eee DATA /Abata ADATA 
| a — 

terz(4) tozian terzian 





FAST PAGE MODE EARLY WRITE CYCLE 


trP(3) 








« ; tRASP(39) 


Vins —— 


RAS 
Vic 
. -— tcsH( 42) ———————> 


<+—_____— teva 
| J-tecor 














tcrP(ig) 











=p Ee] 
Nie et ROW ay, my a 
ete — RRO K/L 7) eae are 885 MLV LLLLLL. 


| +\_ © |twen(26) 








twes(25)—» 


ICWR(24) 


= 
ML 


L kam 


tawe(32)———> 
tos(2n |}<—e|_ | <———e ] toi:28) 


VIN || VT 


twe(21) twP(21) 











i twP(21) 





DQ 
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HYM591000BL 1,048,576 9-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 









- trcia) 


hg trre¢s) ————_e 





me YO CELLET. 


CAS-BEFORE-RAS REFRESH CYCLE 










ee a a ras 
= N77 SUM 
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_.HYMS591000BL 1,048,576 X9-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 


4) | ae tre(3) -——— 














’ = basis | <<? tras > 

in Vin — ™ ; : 
RAS 

Vic : 

| torpiig) 
; ra ie tal RCD(10) > pane 15) 

Vin oY : 
CAS 

Vil 


| Vw —_" 
Arka  — Da | 


<+_—— tari23) 


trcs(16) 


me SS LITTER XU SUTTER 








+> teact13) 
taaii2) 
: ; im RAGI11) ~ —___» <P} torr(20) 
Vieja co 
Da ES HIGH-Z ‘M, VALID DATA 
a doa om 
eae 41) 


HIDDEN REFRESH CYCLE (WRITE) 





+ trasis;- > | | <«+— taps) | | tras( ——> 





Vin -— 
Vit eae 2 


{crp(i9) | <—_> +1_—— trcoi10) ——— | <4 trsH(1s) > | <+-—____——_ tcxaise) ——_—_> 









R/C mm 





= “<ZN || UIE 


0 ZI MMM 


tbHR(29) ——_--__-> 
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HYMS91000BL 1,048,576 9-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 







tres) 
t _—_—> 
RAS ve 
Vier 
cs OH 
Vie _— 







toanc 
«+ | i 
N 

SS 


tem" — TTL. WLLL 


READ CYCLE 


DO Vou 

’ <>} tara) 

3 Vin — 7 

me LL: 


WRITE CYCLE 





| TRWwi(32) 
twarca3)| | twrH(aas , 


me OTR RTL 


+ tps(27) | | «— ton(28) > 


DQ 
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HYMS591000BL 1,048,576 9-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYMS591000BLM 


7 | aa 
»(__} OC) Ce 


UG BOORDRDOODOROB OU BOO DOORBOODnOD Oba 





















|" 2.03MIN 





| =e —-| i 2 
2.54 1.7BMAX S| —»||<+— 
« L366 SS SS ° 
sce = 1.27+ 0.08 





TOLERANCE : + 0.13mm 


* DETAIL OF CONTACTS 


~= OOO 
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DESCRIPTION 


The HYMS584000M is a 4M words by 8bits 
dynamic RAM module and consists of Fast 
Page mode CMOS DRAMs of eight HY514100J 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS584000M is a socket type single-in line 
module suitable for easy interchange and addi- 
tion of 4M bytes memory. 


BLOCK DIAGRAM 


Ao-A10O 
RAS O 
CAS O 
WE O 


/[HYMs84000M-80|—go_[_25_|_53_ 








M491202A-JAN92 


FEATURES 


‘Fast Page Mode operation 
Fast Access Time 






DOs ee ds ted da tele died yee. 







| HYMS584000M-10/ 100 | 25 | 60_| 
Single power supply of SV+ 10% 

CAS Before RAS, RAS only, Hidden Refresh. 
Low power operating 

3.96W max (HYM584000M-70) 

3.52W max (HYMS584000M-80) 








~ 3.08W max (HYM584000M-10) 


TTL compatible inputs and outputs 
1024 refresh cycles/16ms 


PIN NAMES 


ADDRESS INPUT . 

~ DATA INPUT/OUTPUT 
ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
WRITE ENABLE 
POWER(+5V) 


GROUND 
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HYMS84000 4,194,304 8-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


Jo 
o 
0 
g 
Oo 
oO 
o 
OJ 
Oo 
Oo 
q 
a) 
0 
0 
O 
o 
Oo 
Oo 
Oo 
O 
Oo 
O 
a 
o 
Og 
Oo 
Oo 
Oo 





NOTES : ; 
1./Common CAS control for eight data-in and data-out lines (DQ9-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ 9-DQ7). 
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HYMS584000 = 4,194,304 < 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 


[ sympon PARAMETER Pega if ~ RATING 
Ambient Temperature Mit 0 to 70 





























Storage Temperature(Plastic) + —55 to 150 
Voltage on Any Pin Relative to Vss —1.0 to 7.0 


Voltage on Vpp Relative to Vss . —1.0 to 7.0 
Short Circuit Output Current 


50 
Power Dissipation [ 4.8 

















NOTE : Operation’ at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) : 














| SYMBOL PARAMETER lee MIN BS 
Vpp - Supply Voltage 4.5 5.0 
Vin - Input High Voltage 2.4 as 
Vit Input Low Voltage —1.0 = 








NOTE : All voltages are reference to Vgs. 


DC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 



































SYMBOL PARAMETER ‘TEST CONDITIONS | SPEED 
| Tur | Input Leakage Current(any input pin) | Vss < Vin < Vop 
' | ico | Output Leakage Current for Vss Dour <Vpp | 
L High Impedance State L RAS, CAS at Vi 
ese 
Ippi Vpp Supply Current, Operating trc=trc(min) ’ —80 
| [a0 
ie RAS, CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby = 16 
other inputs 2 Vss =} hs 
re ' ai 
Ipp3 zoe ee trc=trc(min.) = | anf 640 
L RAS-only Refresh | “10 = 








ie Supply Curren — 
Ipp4 riaiaeh ° Minimum Cycle —80 





Fast Page Mode 












































—10 
a Vp Supply Current, RAS2>Vpp—0.2V, CAS= 
CMOS Standby Vin, other inputs> Vss | 
—70 sel 720 
Ipps oe a me | trc=trc(min.) —80 - ib 640 mA 
CAS-Before-RAS Refresh . [ =A0 ie 560 
VoL Output Low Voltage | Tou=4.2ma | a 0.4 Vv 
Vou Output High Voltage lon= —5mA 2.4 - V | 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYMS584000 4,194,3048-Bit CMOS DRAM MODULE 





- AC CHARACTERISTICS | | | | 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES : 1, 2, 3 
















i - HYMS584000M 
Pr was [RAS Pate wan ~~~ sro 0k | 0 | 10K | 100 | 10K | mw | 
Random Read or Write Cycle Time 


PARAMETER - NOTE — 














RAS Precharge Time 
4} tasr Row Address Set-up Time 

















Row Address Hold Time 





[8 tase 


Column Address to RAS Lead Time 

















Column Address Set-up Time 





[91 toan 


Column Address Hold Time 




















































































































trcp RAS to CAS Delay 
trac Access Time from RAS 
12] taa Access Time from Column Address 
tcac Access Time from: CAS 
14| tcas | CAS Pulse Width 
15| trsa | RAS Hold Time 
16] tres Read Command Set-up Time 
17 | tron Read Command Hold Time Referenced to CAS 
18 | trrH Read Command Hold Time Referenced to RAS 
19 | tcrp CAS to RAS Precharge Time ; 
20 | torr Output Buffer Turn-off Delay 





twp 


Write Command Pulse Width 





tcp 


CAS Precharge Time 








Column Address Hold Time from RAS 



































Write Command Hold Time from RAS 





21 
22 

E tar 
24 | twcr 






























































25 | twes Write Command Set-up Time 
ha6 | twcu | Write Command Hold Time 

27 | tps Data In Set-up Time 

28| tp — | Data In Hold Time 
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HYMS584000 4,194,304 8-Bit CMOS DRAM MODULE 



































HYM584000M : 
: sie : 
PARAMETER ee 70 80 | 10 UNIT| NOTE 
Data-In Hold Time Referenced to RAS 55 ox 60 = 80 = ns 
30 | tcpa Access Time from Column Precharge = 455 } = 50 a 55 ns 4 








tec Fast Page Mode Read or Write Cycle Time - 60 | --|n | | 
3 oan We Coane RAT Lat Te ie es 
33 Write Command to CAS Lead Time ae 25 = ns 

































34] trpc | RAS to CAS Precharge Time — 0 - ns 
35 | tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 - 10 |; > - ns 
[36 _tcur | CAS Hold Time(CAS Before RAS Cycle) 30 - fs 30 - 30 -. ns 











Transition Time(Rise and Fall) 3 50 3 50 3 50 
16 


ns 3 
= 16. ms 




















38| trer | Refresh Period — | 16 - 
RAS Pulse Width(Fast Page Mode) 70 20 | 80 200K; 100 200K | ns 
CAS Precharge Time(CBR Counter Test Cycle)} 40 = 40 = 50 | = ns 








CAS to Output Low Impedance 


= 0 _ 0 _ ns 4 
CAS Hold Time 70 - 80 — | 100 _ ns 


f=] 









































WE to RAS Precharge Time(CBR Cycle) io | —- | 0 | - | 0 | — | os 
44! twren_ | WE to >» RAS Hold Time(CBR Cycle). 1 | — | 10] - 10 - ns 











NOTES : ; 

1. An initial pause of f 200s i is required after power-up followed by 8 RAS AS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume ty=5ns. - 

Vypy(min.) and Vii Cmax.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy and Vjz. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torp(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tracy OF. tRRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tacp(max.) limit insures that tp ac(max.) can be met. tpcp(max.) is specified as a reference point only : If RG is greater than the specified 
trcp(max.) limit, then access time is controlled by tcc. 


. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tp ap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by tga. 


AWA Sood 


\o 


CAPACITANCE 
(Ta=25°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 


» PARAMETER 














Input Capacitance(Ag-A1o, WE, CAS, RAS ) 
1/O Capacitance(DQp-DQ;) 
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HYM584000 = 4,194,304 < 8-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 








READ CYCLE 

RAS yh ee 

rte — L/D rom nooress J Ses —_- = AI 
a Vin — 

CAS Ve 


DQ 


_—_—_\_—_——_— trcnito) 
| —|| ‘ 
FARH(18) 


 —LLLEINTTTTTTLETT 1) LLY LLL LL 


<— teac(133—> 
<+—__—__ taaqra) —___» 
tozien| <+— | torr20) 
———-— TRAC(11) 
Vou — 


6 
- 2 OX [wioom |} 


Voi 


EARLY WRITE CYCLE 


AgrAg 


a 
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—_—.__HHHA tree 
Vig = 
IW hr) OO 

Vii 

$A te) ————___________"» 

————— tar) —__-——_> 

tasnia [> RAH(5) 
Vin — j / / V 
; ‘ A A 

Vic 
Vin — 
Vi 


= LLL L IX WLIILTILILILLILLLLLLL 


tweorj2ay 
tosie7 |<] | <+— toH(28)—> 


ve LLLLNLLLLLLLL LLL 8S LLLLLLLLLLLLLLLLLLL LL 


ne ad 
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HYM584000 4,194,304 8-Bit CMOS DRAM MODULE 
DT SR ee ee | 


FAST PAGE MODE READ CYCLE 



















trP(3) 
_ tras (3 _ 
2 Viq —— <+— tcar(6)-——_> 
RAS eae 
i ————— tcsH(42) 
terpris) <+— tris) 
—> 
Viy —— 
CAS oa 
It 
“| ; 
. = abD WLLLLLLLLLLLL, 
Arto yy, —_Ra0o} hh A ae CUM ES UM 
i aim + tarHis) 
trcHa7 —> -_ tacH(17) —» * tacni7 
7 res /1/, a CMU 
WE Vii —— WV, + Iteoaciia) — a teoaci3) > teoac3)—> 
taaa2)—— taa(i2)—> 
tRac(1) ———> cpAc90) —— 
+ torr(20) <— toFr(20) <+— torF(20) 
men XE} | 
4 AV ‘ 
pa Weue= / LK y V/ x . / ApATAD ; 
teiz (4 terz(a) teiz(41) 
FAST PAGE MODE EARLY WRITE CYCLE 
trP(3) 
| trasP(3g) ————_——_——_—__ —_—_———e| |<—__» 
a Vin 
RAS 
Vii 
+ tcsH(42) 
terP(i9) > + tpcj31) 
| }+-tecov j<—tcas(14) —> 


a Vin —~ 
CAS 1H 
Vi 





pare \ 


14) 
tsa <| toania) >| teane) 
tascis) tascre) 
ROW} SDB | 
Ache — 1p 403 M////V 


oe oa 






eT //////.\0 Tt nl WZZM 
ea nae ria ae 
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HYM584000 4,194,304 8-Bit CMOS DRAM MODULE | | 


RAS-ONLY REFRESH CYCLE 







trci2) 


——_——tr(a, ———_> 








—* 
wm Day roeness 07777 


CAS-BEFORE-RAS REFRESH CYCLE 


+ tree) 
+ — tres) ————> 





a jf | omen 27 
i ////// ALLL 
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| HYMS584000 = 4,194,304 < 8-Bit CMOS DRAM. MODULE 





HIDDEN REFRESEFCYCLE(READ) 


<«—— tr P(3)-——_»> 
<-—_—————- tras) ——__———> 


|". tcrPii9) t 
a _!AC0(10) ———| <— trsH(15)— <-—_-— tcnr(36) ——_——_> 
Vin — 
CAS 


tasp(a) |<» 
View — ROW 
rote ZR aponess 


+ —__— taayes) 







trcsi16) 


we TTT KA RLLLILELIELLLL LL 











tracy <— | torr(20) 
DO Vou — HIGH-Z t/ VALID DATA , 
VoL — . 
: 
terzia1 
HIDDEN REFRESH CYCLE(WRITE) 
tras ————— | | «+ ——- tap,3) — aaa hh Se 
ARS Viq — 
Vu 
tcrP(i9)|<—+ | | <———- tac(10) ———| <#— trsH(1s)—> <———_- tcnr(96) ————> 
== Viq — 
CAS Vii 










tascia) 
> 





tasris) |<—w| |<4—_» traHis) 





tore TT KN BRE KW 
« oN | Go ee 


po LILLE 0m XL 


toHR(29) ——————--_> 
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HYMS584000 4,194,304 X 8-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





2) 
CAC(13 
i” 4 VALID DATA + 
or Pe mis 


ny ///) UMMM), ULL 


tewi(33) : 


| {Rw1(32) 
twarc43)) | twancaa) 


twesc2s) 


me ZF RU WITTE 
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HYMS584000 4,194,304 X 8-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYM584000M 


UNIT : mm 





88.90+ 0.13 
$3.17+ 0.05 


82.144 0.13 | 


2 
2 
9) 
z 
fo} 
a 


1.274 0.08 


qe 


5.08 MAX. 





TOLERANCE : + 0.138mm 


* DETAIL OF CONTACTS 


A OO 
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MEMO 


HYUNDAI 
_ SEMICONDUCTOR 





DESCRIPTION 


The HYMS584000AM is a 4M words by 8 bits 
dynamic RAM module and consists of Fast Page 
mode CMOS DRAMs of eight HY514100AJ 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYMS584000AM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory. 


BLOCK DIAGRAM 


Ao-A100 
RAS O 
CAS O | 
pea =| Pf} 
eri a 
=| cic BGA ie 
tn ea aCe b+} — O DO, 
z . ss 7 > a 


[-HYMS584000AM-60 | 60 | 20 | 
70 
-(Crymss4000am-80_| 80 | 25 | 


584000A 


4M X8-Bit CMOS DRAM MODULE 


M4H1200A-MAR92 


FEATURES 


Fast Page Mode operation 
Fast Access Time _ 

















ee | tee tee 






HYM | 40 
-HYM 





Single power supply of 5V+ 10% 
CAS-Before-RAS, RAS-only, Hidden Refresh. 
Low power operating 

4.62W max (HYM584000AM-60) 

4.18W max (HYM584000AM-70) 

3.74W max (HYM584000AM-80) 

TYL compatible inputs and outputs 

1024 refresh cycles/16ms 


PIN NAMES 


| RAS | ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
| Ves | GROUND 
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HYMS584000A 4,194,304 X8-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


Vop qa) 7 
CAS (2) | 
DQo (3) |O 
Ao (4) 10) 
Ay 6) 10 
DQ; 6) {0 
Ao (7) 10 
As @) }0] 
Vss 9) JO 
DQ2 (10) {QO 
Ag (yt 
As aaioe¢ 
DQs3 (310 
As (14) 17 
Az (15) 1 
DQ4 (16) 1 
Ag AMID 
Ag (13) |) 
Ato 1940 
DQs (20) 4} 
WE 2010 
Vss (2210 
DQs (2910 
NC 210) 
DQ; 2g 
NC (2610 
. RAS eno 
NC (28) |) 
NC 29/0 





NOTES : : ' 
1. Common CAS control for eight data-in and data-out lines (DQy-DQ7). 
2. The common 1/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQg-DQ7). 
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HYM584000A 4,194,304 < 8-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 









- PARAMETER — 
Ambient Temperature 





RATING 
0 to 70 
Storage Temperature(Plastic) —55 to 150 
wa Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 


as Short Creat Output Curent = | ma | 


Power Dissipation 
























































NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) 








PARAMETER 



























SYMBOL 
Vpp Supply Voltage 
Vin ' Input High Voltage 











| Vir Input Low Voltage 
NOTE : All voltages are reference to Vgs. 


DC CHARACTERISTICS . 
(T,=0°C to 70°C, Vpp=5V+ 10%, Vss=O0V, unless ethene noted.) 


| Thr | 


| Ino | 








































PARAMETER 



























Output Leakage Current for Vss < Dour < Vop 
High Impedance State RAS, CAS at Vin | 














Ipp1 Vpp Supply Current, Operating trc=trc(min) 

















T 


RAS, CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby ; ‘ 
other inputs > Vss 














Vpp Supply Current, 


Ipp3 pease 
RAS-only Refresh 


Vpp Supply Current, 
Fast Page Mode 


trc=trc(min.) 




























Ipp4 Minimum Cycle 















RAS > Vpp—90.2V, CAS= 
Vin, other inputs > Vss 





Vpp Supply Current, 
CMOS Standby 











Vpp Supply Current, 
CAS-Before-RAS Refresh 

















Ippe trc=trc(min.) 

























Output Low Voltage 
Output High Voltage 


IoL=4.2mA 
Ion= —5mA 




















NOTES : 
1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYM584000A. 4,194,304 8-Bit CMOS DRAM MODULE 


AC CHARACTERISTICS | 
(Tas=0°C to 70°C, Vop=5V+t 10%, Vss=OV, unless otherwise noted.) NOTES : 1. 2. 3 











‘lsympot]. Ss PARAMETER __ = — 


rifts [RAS Pale Wish —————SSS* | 0x | 70 | kK | 80 | 10K | os |_| 

| 2| tac | Random Read or Write Cycle Time | 120 | - | 130 | — | 150 | - | ns | | 
Vine [RAS Prectangs Time 

Row Address Set-up Time 

| tran Row Address Hold Time 

ten, [Coloma Address to RAS Lead Time 

[tea | RAS wo Column Address Delay Tame 
















- 


‘ 


CAS Pulse Width 
5 RAS Hold Time | 
Read Command Set-up Time 
Read Command Hold Time Referenced to 
Read Command Hold Time Referenced to 
CAS to RAS Precharge Time 
Output Buffer Turn-off Delay 
Write Command Pulse Width 
CAS Precharge Time 


Column Address Hold Time from RAS 
Write Command Hold Time from RAS 


Write Command Set-up Time 
Write Command Hold Time 


Data In Set-up Time 


Data In Hold Time 








dll will Montel Mend 
alae [S(S [ES [elolalalalelo| 











CAS 
RAS 


7| tren 










EI 



















18] trry 
19] tcrp 
0) torr 


twe 








=Ilni iwi nin we 
8 S1dSinlicl[s nr 
nw 


Nv 


2 [eB [s]2] 3] 
& 
ia] 
























23 
24 


nN 
nn 
o 
= 
Oo 
“a 





Ss 
a 
ao 
< 
fe) 
x= 


— — — 
|e [=]2/2|=|=[2]|=fe[efae|'|'|']ela|elalels|ele 
N =r] w w 
So S16/;s So 
Aw 
— mm | OQ 
|=] |a|s | [2]/>[e[e|s]e|'|' | 8]a|> [a |e! 


27 
28 









ern 
8 Sih a 
a 
p 
alr wa PIF lo 
DO Iits 


— lod ond 





— 
an 
| 
A 


toy 5 
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HYMS584000A — 4,194,304 < 8-Bit CMOS DRAM MODULE 














































































































29 
50 | ns 
31| tpc Fast Page Mode Read or Write Cycle Time = 45 -—— 55 as ns 
32 [Haw Write Command to RAS Lead Time - 20; - 25 - ns 
ga) teen ait Wits Command to CAS Lead Time ae 20 
34| trpc RAS to CAS Precharge Time a 0 
35| tcsr CAS Set-up Time(CAS Before RAS Cycle) - 0 | 
tCHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 
37| tr Transition Time(Rise and Fall) 3 50 3 
38} trEF Refresh Period - 16 - 
39! teasp | RAS Pulse Width(Fast Page Mode) 60 | 200K | 75 
tcpr | CAS Precharge Time(CBR Counter Test Cycle) | 30 | — ac 35 
41! tciz CAS to Output Low Impedance 0 a 0 | 
42| tcsu | CAS Hold Time 60 | - 70 
twee _ | WE to RAS Precharge Time(CBR Cycle) | 0 | - | 10 | - | 10 | —- 
tvs | WE we RAS Hl Tie CER a 





NOTES : 


SPANRARYN = 


© 


. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 


a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tr=S5ns. 

VyH(min.) and Vy (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vy and Vj). 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tacy or tpRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tacp(max.) limit insures that trac(max.) can be met. tpcp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

Operation within the tpap(max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 


CAPACITANCE 
(Ta=25°C, Vop=5V+ ee Vss=O0V, unless otherwise noted. ay 








input TTT Oe WE, TAS, RAS) 
I/O Capacitance(DQo-DQ7) 
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HYMS584000A 4,194,304%8-Bit CMOS DRAM MODULE 


_ TIMING DIAGRAM 












READ CYCLE 

mo a Sea 
we “<TD em MU, a aa eae 
2 wT a a ol 
ie ee woe wom] —) 
EARLY WRITE CYCLE 

Aor ee a 

e. 25 nm = (ZILLI. 
UN SII UIUUUUUIIUES WT 
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toHR(29) 


HYM584000A = 4,194,304 8-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE 


Ag Ag 


trp(a 
trRasP(3g) 


+. = 














Vn — C/77) ae £55 a NILLLLLLLLLLL. 





I 
Vim ay (| G5 ADD 
ae 16) a 16) * trance) 
tacHi17) > tRCH(17) —> * trcnay 


u— Lid ii ee ea. © aie Te 


taaci2,-— taac2)—> 
traci) ———— tera.30) ——> ; 
* torr(20) <e— torF(20) +—\@§ torF20) 
= KDB -OE 
K-11 
vee / DATA /ADATA /ADATA 
_—> 


torzian : terzay terz(4y 


FAST PAGE MODE EARLY WRITE CYCLE 


AgAg 


; trP(a) 
tRASP(39) Oo 











Vin 
Vic 
+ tes a2) > 
tcRP(19) > 
| J+tecor }<e— tcas(1a) — 
Vin —— 












Vit Pe -_ =f 
= EEX EZ ae ALK 








ita =n an ‘ 
"= ZA WD || WN Wer 
twp(21) twe(21) | [ twP(2t) 





trwi(323——> 
tosi27 |<] | + I toe) 


CLLLLL LR: 8 KILL LL LLL. 









tor(28) 
> 





VALID DATA } 





CL) 
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HYMS84000A 4,194,304 X 8-Bit CMOS DRAM MODULE . 


RAS-ONLY REFRESH CYCLE 


RAS 


Da 


CAS 
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IAI, 





+—>| tcrpiig) 
Vin —— 
Viv 


HIGH-Z 





————_——_—__—— traci) 
+ trp) ———— 
Paes 








tras(1 Sea 


+ trpcise)—> 
tor(22) tcsrias) 
oe] fl $$ tec) ——_—__> 
es TTD 
Vit 
twapca3; {wan 
2 > 


RTL 


toFF(20) 
Von —— 
— HIGH -Z erent SSSA 
Vor 


HYM584000A = 4,194,304 < 8-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE(READ) 





a 
Vii 

tcrPi19) 
eis Vin 
Vii 


Vw 
Aerhe  — EY 


<a — ltaniaa) 





tacsi16) 


= “TTD ZF RET 


+ | toaci13) 





taaci2) 
+ traci) <+— | torr(20) 


ca Yo 1 


—» 
teuzia1) 


HIDDEN REFRESH CYCLE(WRITE) 










te a 
=  S<ZTIN.—||_ VA -—~——REEEEEELLL 


1 TLL nm TTT 


toHR(29) ——_—_—> 
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HYM584000A 4,194,304 8-Bit CMOS DRAM MODULE | 
A UA SS DT SS TE EO 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 










READ CYCLE 


) 
| AC(13) —> torr (20) 
Vi) ¢ VALID DATA |S 
+t —_ 


ACH(17) 


WRITE CYCLE 


tewi(33) 


: j tRWLi32) 
twrp(43)] | twrH(44) 


me OTR RU WEEE 


tos(27) —] | «— toni28) > 


ee , Ewin on WLLL 
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HYM584000A_ 4,194,304 < 8-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYM584000AM 


UNIT } mm 










82.144. 0.13 


. 88.90+ 0.13 
3.174 0.05 


20.45 MAX. 


6.35+ 0.13 













1.78 
1.274 0.08 
—-s.!| | <._—_—_—— 
- 3.38 
= —_——— 
5.08 MAX. 


* DETAIL OF CONTACTS Ln Oe 


DOO _ 
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MEMO 






DESCRIPTION 


The HYM584000ALM is a 4M words by 8 
bits dynamic RAM module and _ consists 
of Fast Page mode CMOS DRAMs of eight 
HY514100ALJ in 20/26 pin SOJ mounted on 
a 30 pin glass-epoxy printed circuit board. 
0.22uF decoupling capacitors are mounted 
under all the DRAMs. 

HYMS584000ALM is a socket type single-in 
line module suitable for easy interchange and 
addition of 4M bytes memory. 


BLOCK DIAGRAM 


Ag-A100 
RAS O 
CAS O 

WE 


PRELIMINARY 


4MX8-Bit CMOS DRAM MODULE _ 
M4G1200A-MARG2 


FEATURES 


¢ Fast Page Mode operation 
Ee Ae 


tas lee 
| HYM584000ALM-60 | 60 | 20 | 
| HYM584000ALM-80 | 80 | 25 | 
¢ Single power supply of 5V+ 10% 
¢ CAS-Before-RAS, RAS-only, Hidden Refresh. .. 
¢ Low power operating 
4.62W max(HYM584000ALM-60) 
4.18W max(HYM584000ALM-70) 
3.74W max(HYM584000ALM-80) 
¢ TTL compatible inputs and outputs 
* 1024 refresh cycles/128ms 












| 40 | 


PIN NAMES 


DATA INPUT/OUTPUT 
| RAS | ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
WRITE ENABLE 
Vop 
ss 


Z 
























POWER(+5V) 
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HYMS584000AL 4,194,304 8-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


0 
0 
0 
O 
0 
O 
0 
O 
O \ 
QO 
O 
0 
DO 
0 
a) 
0 
0 
0 
O 
O 
0 
0 
QO 
0 
O 
ae 
a 
O 
O 





NOTES : 
1. Common CAS control for eight data-in and data-out lines (DQ9-DQ7). 
2. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQo-DQ?). 
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HYMS584000AL 4,194,304 8-Bit CMOS DRAM MODULE 
RSE RE ATP PS NT ESE STS LD I I TT 


ABSOLUTE MAXIMUM RATINGS 















































































































































a) 7 T 
SYMBOL PARAMETER RATING i UNIT 
| Ta Ambient Temperature 0 to 70 Cc 
+ —~ 
TstG L Storage Temperature( Plastic) —55 to 150 Cc 
Vin, Vout Voltage on Any Pin Relative to Vss [ —1.0 to 7.0 “| Vv 
Vpp : Voltage on Vpp Relative to Vss —1.0 to 7.0 Vv 
Ios Short Circuit Output Current 50 mA 
Pr Power Dissipation ; : 5.88 . W 
NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 
RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 
SYMBOL PARAMETER MIN, TYP. MAX, UNIT 
Vpp Supply Voltage 4.5 ' 5.0 5.5 Vv 
rf Vin Input High Voltage 2.4 = Vppt1 Vv 
Vit Input Low Voltage -10 - | 08 Vv 
NOTE : All voltages are reference to Vgg. 
DC CHARACTERISTICS 
(Ta=0°C to 70°C, Von=5V+ 10%, Vss=0V, unless otherwise noted.) 
HYMS584000A LM! 
SYMBOL PARAMETER :. TEST CONDITIONS SPEED L oe MAX oniri| NOTE 
L : je : ai: — 
| Tr | cee Leakage Current(any input pin) | Vss<Vin<Vpp = - 80 dk pA ul | 
a = Bi 
Iho | Output Leakage Current for Vss<Dout<Vpp \ ; _ 10 ae 
i _| High Impedance State RAS, CAS at Vin | zl 
~ 2.74 
L —60 — | 840 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) —70 eens 760 | mA 1 
—8 - 6 
| | 0 S I 80 _| 
I Vpp Supply C TTL Standb Rescee avn ss 16 | mA 
Bee DE-SUpphy oneal saad other inputs> Vss i 
ee Us — 
ere “| -6 | — | 840 | 
pO es de trc=tec(min.) -70 | - [ 760 | mA 
RAS-only Refresh - +| 
I |i —80 a ae 680 
ie Supply Current, es oS es 520_| i ] 
urren 
Topi Dp SvERY Minimum Cycle -70 | — | 440 | mA 
Fast page mode + + 
L a -30 | = | 360 a 
; Vpp Supply Current, RAS>Vpp-0.2V, CAS= ia ie on 
PPS | CMOS Standby Vin, other inputs>Vss is ; 
=O. ae PT 
Vpp Supply Current, ; Sl) 7 | 
I — —— trc=t : —-70 - 760 mA 
nee CAS-Before-RAS Refresh rc=trc(min.) eae ae eee 
—80 - 680 
CAS=CBR cycling or 0.2V, 
WE=Vpp—0.2V, 
Add=Vpp-—0.2V or 0.2V 
Vpp Supply Current, VYO=Vpp-—0.2V or 0.2V or open, - 2.4 mA 1 
Ipp7 Battery Back up tac=125ys, tras=tras(min.) 
~300ns 
Ss bo 
ame as al = _ ao ak 1.5 
af tle except tras= 300ns~ Lys abe = + ai _| 
VoL Output Low Voltage To_=4.5mA ls ate i 0.4 Vv 
Vou Output High Voltage | Jon=—SmA L _{ 244 | = iia Vv 7 
NOTES : 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp max.) is measured with the output open. 
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HYMS84000AL 4,194,304 x 8-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES: 1, 2, 3 








1] tras | RAS Pulse Width 
2! tre Random Read or Write Cycle Time 
{3 trp RAS Prechange Time 
aren Address Set-up Time 

L 5 | tran Row Address Hold Time 
6| tra Column Address to RAS Lead Time 
trap | RAS to Column Address Delay Time 

8] tasc Column Address Set-up Time 

91 tcaH Column Address Hold Time 

10 


{tree RAS to CAS Delay 
ll 
t 






































trac Access Time from RAS 





12 
13! tcac Access Time from CAS 

14] tcas | CAS Pulse Width 

[15| tas | RAS Hold Time | 
16 | trcs Read Command Set-up Time 

18 | trru Read Command Hold Time Referenced to RAS 
[19 [tex [CAS to RAS Precharge Time 
x 


‘AA Access Time from Column Address 

















[oa = ale 








= \Y 






























































22| top CAS Precharge Time 10 — 10 —- 10 _ ns 
ras] tar [Column Address Hold Time from RAS 50 — 55 om 60 = ns 
24 ewer Write Command Hold Time from RAS so| - | 55 | - | 60 + — | os 
| 25 twcs | Write Command Set-up Time 0 = ae 0 = 0 = r i 
| twch | Write Command Hold Time 15 1S | ns |. 
27 | tps _ | Data In Set-up Time 0 
28 | ton Data In Hold Time 18 
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HYMS84000AL 9 4,194,304 8-Bit CMOS DRAM MODULE 



















































































et 
| 29 ae tpHR [Dati Hold Time sRetereaced’t to RAS 50 co 55 St ties sl 60 | _ | ns | 2 
30 | tcpa _} Access Time from CAS Precharge - 35 - 40 = 50 ns 4 
31 { tpc Fast Page Mode Read or Write Cycle Time | 40 | — | 45 - 55 - ns 
32! trw. | Write Command to RAS Lead Time | 2] - | 20 — 25 - ns 
33 | tcwL Write Command to CAS Lead Time | 20) - | 20 = 25 _ ns 
34 trpc RAS to CAS Precharge Time | of} - | 0 = 0 a ns 
[ 35 | tcsr CAS Set-up Time(CAS Before RAS Cycle) 10 - 10 2 onan 10 _ ns | 
36 | tcHR CAS Hold Time(CAS Before RAS Cycle) 15 - 20 hoe 4 30 [| 7 | as zi 
{3 tr Transition Time(Rise and Fall) 3 50 3 | 50 i 3 50 ns 3 
38| trer | Refresh Period - fis | — [az | - | 128 | ms | 
[39 a trasp_ | RAS Pulse Width(Fast Page Mode) 65 | 200K 75 200K th 85 200K. | ns | 
| 40 | eee [cas Precharge Time(CBR Counter Test Cycle)| 30 = 35 liek 40 at ns 
[4i | tcLz HI CAS to Output Low Impedance 0 oe 0 =. | 0 = ns 4 
42 | tcsu CAS Hold Time 60 = 70 = 80 - ns 
43 | twrp | WE to RAS Precharge Time(CBR Cycle) 10 | — 10 te 0. 5 ats 
44) twru | WE to RAS Hold Time(CBR Cycle) 10 a 10 anes 10 7 [ms | 
NOTES : 


. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using interna! refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tt=5ns. 

VyHGmin.) and Vy; (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyzq and Vj,. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

torr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tpCH Or tRRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If tacp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. 

Operation within the tpap(max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 


— 





BS DRO i 


~ 


CAPACITANCE 
(T,= 25°C, Mee NA 1006: Vss=OV, unless oilieavise noted.) 









j _PARAMETER —__ 
Input CmactanceOhe -Aio, WE, CAS, cE, RAS) 


ees ae YO Capacianee(DQrDQ 
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HYMS584000AL 4,194,304 8-Bit CMOS DRAM MODULE 


: . \ 


TIMING DIAGRAM 


READ CYCLE 
tacia) 
ee es 
oe od De eee aa ae 
+ trans) —> +—— | tcanig) 
nora ya — 7D rom nooness ///7 DM SSonees ZW LT LLL. 
nn ae ae 
a = (ae ae’ 


—_—_—_———— treo) 
<—teoas(14)——> iiss 
JRH(18) 


me a LN ITTTTTTTTT} RLLAYSL/L LL 


-_ teac(13)-— 


——_— tania, ——__» 








torz,any | <-> +— | torr(20) 
—— So traci) ; 
Vou — 
DQ th HIGH-Z VK | VALID. DATA ie: 
Vous— 
EARLY WRITE CYCLE 
taci2) 
a Viq — t 
SSS RAS ee 
RAS Vii 
_——— tcsH(42) — .———- tra) ——_—_» 
tasri) |< > 





SS VITTTTTIT IV IETILLLLIL 


al 


— ——= 


twery24) 
tos(27) |<} | <— toH(28) > 


a TTITEITLLLILILT TD TELL | 


—————_—> 





toHR(29) 
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HYMS584000AL 4,194,304 8-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE 


trys) 


trasp(3g) 















Vie «It 
—7 — =| 
RAS V 
IL 
+ ——_tcsu(42) ————————> 
tcrP(i9) <— trsH(15) —> 
——» 
tcp(22) 
+> tcasyr4) — 
ioe Vin —— 
CAS 
Vii 


>| tania) 






tASR(4) ln 


EI Re LLLLLLLLLLLL. 


K///A | x05} 


Viq — COL 
Acts = y, — _ Mado} 
fe SN + trrnia) 
trew(17) —> trcnii7) EH + trcn7 
we OU UZ 7h ic 
WE Vii — A + teoaci3; — Pe ers + toaci3)—> 


taai2)—— taaii2)— 
traci) ———> tcpac3o) 
+ torr(20) < torr(20) $< toFF(20) 


a Z. KE ONE 
O)ca—|_w7)y CO) 
pa = / DATA y. JJNDATA LJNDATA 

_> -_ 
teizia T terzan ; teizia1 


FAST PAGE MODE EARLY WRITE CYCLE 


trP(3) 





trasP(3q)- A» 







tcrP(i9) 


"re al . El b= 
Aeehe Wi — Jy, ROW COL LH Y/N ///, 1/1 206 | ( 


Se YESS ADD J rf 










Vir 





MINLLLLL 


twes(25)—e» 


we Ne _aint i 


twP(21) 


TTI : VUMMMUUUUNs 


twe(21) > 1 twP(2t) 





trwi(323-———> 








tony28) toH(28) 
<+—__> <> 


CLLLLL L908 WLLL LLL LL. 
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HYMS584000AL 4,194,304 x 8-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH. CYCLE 


RAS 


DQ 





tacia) 


——_—_—_——- tris) ——__> 


CITT LLL LL 


HIGH-Z 


CAS-BEFORE-RAS REFRESH CYCLE 


CAS 
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traci) 
V +——— tr(3) ————_> 
1H —— 





trasi) 
Vie 


+ trpc(ss)—> 


tcri22) 
Vin —— 


tcsr(35) in ton 
<< ICHR(36) —————— > 
Veo ETE 
gers 


<= MT ULI 


a torF(20) 
Vou —~ 
HGH Z. esse eer NNER TE RE RNP 
Vou ; 


HYMS584000AL 4,194,304 x 8-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 





trasi) 
Vin —— 


RAS 


Pesisukt 19) 
: <——$—— ta0(10) ——]} «— tras(15) > A$ > tc 36) ————> 
aa Vo “J 
CAS 






+ tanv23) 


tacsis) | 


mz “-TTYTU} KK RIZZI 


@§_ >| traci) 


taaci2) 
+ Kracin ; >| torF(20) 


Vou —— 
Da HIGH-Z ‘ // ; VALID DATA . 
Se 7) 
—+»| |+— 


terziay 


HIDDEN REFRESH CYCLE (WRITE) 








_——— 
tras) ————— | | + trea) — -—!_—_———— tras) 


nn Vin —— 
RAS 
terp(r9) Bigg ewe pet ae <trsH15);—> ‘<a (36) —————> 
== Vin —— 
CAS 
Vi 


——— = 





=| 
tasria |<—e| |<—e| trans) 


C1), CES 11). i er 


twer(2a) 





= “=TZIN || ULL. 


a ee OL 


toHR(29) ——_—___-> 
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HYMS584000AL 4,194,304 <8-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





RAS 
Vie = 
os OH 
Vin 
AorAe Vie ee 
Viv 
READ CYCLE 
bo Von —_ 
Vou 
ME og 
RCH(17) 
WRITE CYCLE 
WE 
DO 
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HYMSS84000AL = 4,194,304 < 8-Bit CMOS DRAM MODULE 
A aA TB A PS RS 


PACKAGE INFORMATION 


HYM584000ALM 


UNIT : mm 







82.144 0.13 
a a oo $3.17+ 0.05 







88.90+ 0.13 


20.45 MAX. 





10.16£0.13 


: 1.274 0.08 


5.08 MAX. 


TOLERANCE : +0.13mm 


* DETAIL OF CONTACTS 


00 


4-179 





MEMO 





1X 32-Bits CMO \ 2 
M551 200A-JAN92 


DESCRIPTION FEATURES 


The HYM532100 is a 1M words by 32 bits 
dynamic RAM module which mounted Fast 
Page mode CMOS DRAMs of eight HY514400J 
and 20/26 pin SOJ on a 72 pin glass-epoxy 
printed circuit board. Decoupling capacitors 
are mounted under all the DRAMs. 


Fast page mode operation 
Fast access Time_ 












4 : ua . 


| te | tee | tec 
HYM532100M-70_ | 70 | 20 | 50_| 
HYMS532100M-80_| 80 | 25 | 50_| 
HYM532100M-10_| 100 | 25 









The HYMS532100 is optimized for applica- * Single power supply of 5V+ 10% 
tions required high density and large capacity ¢ CAS Before RAS, RAS only, Hidden Refresh. 
memory. The HYM532100 can be used as 2M ¢ Low power operation 
words by 16 bits dynamic DRAM module by 4.18 W max. (HYM532100M-70) 
using of connecting DQo...DQis to DQis...DQ3: 3.74W max. (HYM532100M-80) 
respectively and selecting with RASo or RAS>. 3.30 W max. C(HYM532100M-10) 

The HYM532100 is a socket type single-in- ¢ TTL compatible inputs and outputs 
line module suitable for easy interchange and * 1024 refresh cycles/16ms 


addition of 4M bytes memory. High reliability gold plated contact pads 





PIN CONNECTIONS PIN NAMES 


ADDRESS INPUT 
DQ¢-DQs; | DATA INPUT/OUTPUT 
[ans AS, ROW ADDRESS STROBE 
































CASo-CAS3| COLUMN ADDRESS STROBE 
WE | WRITE ENABLE 
PD1-PD4 | PRESENCE DETECT 
i Vpo POWER( +5V) 





GROUND 
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HYMS532100 1,048,576 < 32-Bit CMOS DRAM MODULE 





PIN DESCRIPTIONS 


# 


GIN |D [Oj io (rl 


PRESENCE DETECT PINS 


NAME 


Vss 
DQo 
DQi6 
DQ; 
DQ;7 
DQ>2 
DQis 
DQ; 
DQig 


Voc 
NC 
Ao 
Ai 
Ae 
As 
A, 
As 
As 
NC 
DQ, 
DQz 
DQ; 
DQza 
DQs 


DQ2. 
DQ; 
DQ2s 
Az 
NC 
Vec 
As 
Ag 
NC 
RAS» 
NC 
NC 


# 
37 
38 
39 
40 
44 


42 
43 
44 
45 
46 
47 
48 
49 


50 
51 


52 
53 
54 
55 


56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 


NAME 


NC 
NC 
Vss 
CASo 
CAS. 
CAS; 
CAS; 


RASo 


NC 
NC 
WE 
NC , 
DQ; 
DQo4 
DQ, 
DQos 
DQio 
DQ25 
DQ: 
DQz27 
DQi2 
DQ. 
Voc 
DQ 
DQi3 
DQazo 
DQi4 
DQs: 
DQis 
NC 
PD, 
PD2 
PD; 
PD, 
NC 
Vss 











PIN -70 -80 -10 
PD, Vss Vss Vss 
PD2 Vss Vss Vss 
PD; Vg NC Vg 
PD, NC Vss Vss 
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BLOCK DIAGRAM 


RASO 
CASO 


CAS 1 


RAS2 
CAS2 


Ag-Ag 
WE 





4M : 


VOo 
VO, 
1/02 
VO3 


VOo 
VO 
1/02 
VO3 


VOo 
VO, 
1/02 
VO3 


VOo 
VO4 

1/02 
VO3 


VOo 
VO 
1/02 
VO3 


VOo 
VO4 
1/02 
Og 


VOo 
VO4 
1/02 
VO3 


Oo 
VO, 
1/02 
YO3 


HY514400J 


DQo 


DQo 
DQ3 


DQ4 


DQs 
DQ.5 
DQ7 


DQg 


DQi0 
DQ44 


DQi2 
DQ13 
DQ14 
DQ15 


DQ16 
DQ17 
0Q18 
DQig 


DQ20 
DQa1 
DQ22 
DQo3 


DQ24 
DQ25 
DQ26 
DQ27 


DQog 
DQ29 


DQ31 


HYMS532100 1,048,576 32-Bit CMOS DRAM MODULE 





ABSOLUTE MAXIMUM RATINGS 






































SYMBOL | : PARAMETER [RATING |” | “UNIT 

Ta Kenbieiit Temperature 0 to 70 c 

Tstc Storage Temperature(Plastic) =a —55 to 150 Cc 

Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 

Vop | _ Voltage on Vip Relative to Vss —1.0 to 7.0 Bi, Vv 

Tos Short Circuit Output Current 50 mA 

Pr __|___ Power Dissipation , = 4.8 Ww — 








NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 


SYMBOL PARAMETER MIN. TYP. : 
Vb Supply Voltage . 4.5 5.0 
Vin Input High Voltage 24 a = 
| Vit Input Low Voltage — 1.0 = 


NOTE : All voltages are reference to Vgs. 


DC CHARACTERISTICS 
(Ta=0°C to 70°C, Voo=S5V+ 10%, Vss=O0V, unless otherwise noted.) 
















































































SYMBOL PARAMETER | MIN. | MAX. | UNIT | NOTE | 
| Tur | Input Leakage Current(Any Input Pins) ee ee pA 
Iho | Output Leakage Current for Vss<Vout<Vpp; 7 3 ch 
High- Impedance State RAS & CAS at Vin 
Ippt Vpp Supply Current, ‘ ~—70 = 760 
Operating trc=trc(min.) L —80 - es mA 1 
—10 f= a 600 
[ Ipp2 1 Vpp Supply Current, RAS & CAS at Vin, _ 2 ah i ey 
TTL Standby Other inputs>Vss tL 
Ipp3 Vpp Supply Current, =70 | —__ | 760 | : 
RAS-only Refresh trc=trc(min.) —80 i — | 680 | mA 
ec 5a as _- : 
Ipp4 Vpp Supply Current, Minimum Cycle —70 a = | 640 
Fast Page mode tpc=tpc(min.) L —80 ale = 560 mA 1 
_| —10 - 480_| is a 
Ipps Vpp Supply Current,. RAS>Vpp—0.2V, | . 
CMOS Standby CAS>Vpp—0.2V - 8 mA 
| other inputs>Vss_ | { <j | 
Ippe Vpp Supply Current, —70 _ L 760 i 
CAS-before-RAS Refresh trc=trc(min.) —80 =a 680 | mA 
| | ies ON es | eo | 
VoL Output Low Voltage ToL =4.2mA i eee 0.4 Vv He 
Vou | Output High Voltage lon=—5mA L [aa al Vv | 








NOTE : 
1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with the output open. 
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HYM532100. 1,048,576 X32-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES : 1, 2, 3 


RAS Pulse Width 
Random Read or Write Cycle Time 














RAS Precharge Time 





Row Address Set-up Time 








Row Address Hold Time 





Column Address to RAS Lead Time 


















RAS to Column Address Delay Time 








Column Address Set-up Time 





Column Address Hold Time 





RAS to CAS Delay 








Access Time From RAS 














Access Time From Column Address 








Access Time From CAS 
CAS Pulse Width 





























Data-In Set-up Time 0 = 


Write Command Hold Time 15 _ [1s xe 























tpH 


24 

bas | 

26 | twcu 
[27 tos _| 
28 





Data-In Hold Time 15 = {15 | - 








16 | tres Read Command celal) Time _ 0 = 0 = ns 
i7| ween [Reed Connend Hold Tine Retrwnond w S| 0 | =] of - | 0 - |» ] 6 
trrH Read Command Hold Time Referenced to RAS | - | of - | of - | ws] 6 | 
[oly [Ee iene [= | = of = | os | 
20 Output Buffer Turn Off Delay 20 0 20 0 20 ns 5 
= eee ee 
22 | tcp CAS Precharge Time 10 a 10 10 = ns 
23] tar Column Address Hold Time From RAS 55 ee 60 a6 i 80 | - ns i 
twcr | Write Command Hold Time From RAS — 55 - iz i= 80 ce ns al 
twcs Write Command Set-up Time 0 = 0 = ae 0 | _ = i 
20 = ns 7 | 
{ 
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HYM532100 1,048,576 X32-Bit CMOS DRAM MODULE 





















29 tour Data-In Hold Time Reference to RAS 
30| tcpa Access Time From CAS Precharge _ 



























31] tpc Fast Page Mode oir Wirte Cycle Time 50 
32! trwi Write Command to RAS Lead Time | 20 | - | 
33| tcw. | Write Command to CAS Lead Time 20 
34 trpc ae to CAS Precharge Time — 0 
CAS Set-up Time(CAS Before RAS Cycle) 10 
CAS Hold Time(CAS Before RAS Cycle) | _ 30 | 











37! tr Transition Time(Rise and Fall) 3 + 


38 [ twee | Refresh Period 
39) trasp RAS Pulse Width(Fast Page Mode) 70 
40 [ tcer_| CAS Precharge Time(CBR Counter Test Cycle 40 
41} te CAS to Output Low Impedance | 0 


LZ 

CAS Hold Time 70 
WE to RAS Precharge Time(CBR Cycle) | 10 | 
WE to RAS Hold Time(CBR Cycle) | 10 | 
































































NOTES : ; 

An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using intermal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume t7=Sns. 

Vyy(min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyyy and Vj,. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

toprf(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tpcH Or tpry must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. ; 

Operation within the tacp(max.) limit insures that tp ac(max:) can be met: tpcp(max.) is. specified as-a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by, tcac. 

Operation within the tpap(max.) limit insures that tp ac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 





POSE Re a 


° 


CAPACITANCE . 
(Ta=25°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 










i 





| SYMBOL | PARAMETER 


Input Capacitance(AAs) Wen 
Input Capacitance(WE) = 


input Capacitance CAS CAS) ce eal eee eal eae eel 
VO Capacianee(DQ>DQi)___ : 
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HYM532100 1,048,576 32-Bit CMOS DRAM MODULE 





TIMING DIAGRAM 


* READ CYCLE 
tRC(2) 


tRAS(1) tRP(3) 








VIH_ — 
RAS ; 
vil. — 


tRCD(10) tRSH(15) 


tere) ICRP (IB 


eee = a ee ae = 
cS No Nee 






















































VIL —, tAR(23) i 
tRAD(7) tRAL(6) 
tASR(4) tRAH(5) tCAH(9) 
VIH Tee : 
= —_ 
. tRCS(16 : tRRH(18) 
; [| 
ee WHO : ; Ne 
WE : oS SR ote 
Vil —: tCAC(13) 
tCLZ(41)___ 
tRAC(11) tOF F (20) 
VOH —— 
Dao - 
BO. vo HIGH-Z VALID DATA 


EARLY WRITE CYCLE 


IRC(2} 
































































inion tRP(3) 
VH —— 
Ras 
Wises 
L tRCD(10) tRSH(15) 
{CRP (19) | t(CSH(42) . tCRP(19) 
ee tCAS(14) 
. rescore 2S AE, 
vee tAR(23) . 
L tRAD(?) ; 
tASR(4) ! tRAH(5) tASC(8) tCAH(9) 
Vid SS ra 
Aono ve coef Row KX COLUMN 
va —— 
WE ue 
vil. —i, 
tWCS(25) tWCH(26) | 
tWP(21) 
i 
AY DO ce re er Fee r . ; — - — 
t0S(27) tDH(28) 
tDHR(29) | 
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HYM532100 1,048,576 X32-Bit CMOS DRAM MODULE 





FAST PAGE 

VIH_ —- 
RAS 

vil — 

VIH — 
CAS 

vil ——. 

VIH — 
AO-AS 

VIL —. 

VIiH —— 
WE 

vil. — 
poo. VOH —— 
pas! vot —— 
FAST PAGE 

VIR ——~ 
RAS 

vil —— 

ViH — 
TAS 

vil —— 

VIH —— 
A0-A9 

vib —— 

VIH_ -— 
WE 

vit -—— 
poo- WIK -— 
DQ31 yt —— 


MODE READ CYCLE 


MODE EARLY WRITE CYCLE 


tCRP(19 





tRASP(39) 


tRP(3) 









tCSH(42) 








tCAC(13) 


tCLZ(a1)_J 


tRAC(11) 








HIGH-Z 








tPC(31) 
tCAS(14) 


(| COLUMN 
; peste 
tCAC(13) 


tCPA(30) 
tOFF(20) — |tCLZ(41) 


tRASP(39) 









tOFF(20) |tCLz(41) 


joe 
& VALID DATA }} ( X VALID DATA ( X VALID DATA ]} 


tRSH(15) 
tCP(22) 








b 


tCAC(13) 


1CPA(30) ie 
















tRCH(17) 


tRRH(18) 





tOFF (20) 


tRP(3) 





tCSH(42) 





tRCD(10) 


tCAS(14) 


tPC(31) 


tRSH(15) 





tCP(22) tCAS(14) 


tCP(22) tCAS(14) 


tCRP(19) 








tAR(23) 











tCAH(9) 


tRAL(6) | 





tRWL(32) 
tWCH(26) 
tWP(21) 





10S(27) lox (28) 
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HYMS532100 1,048,576 X32-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 
























tRC(2) 
tRAS(1) tRP(3) 
oie Fe. ee 
VIH- —— ; 
ms Pee eee 
vil —— 
tCRP(19) 
— 
ViH_ — 
CAS : 
Vi —— 
tASR(4) tRAH(5) 
VIH_ —7 
AO-A9 & 
vil — 
_ VOH — 
Dao - 
DQs1 vol —— —— HIGH-Z 
. NOTE : WE = DONT CARE 
CAS-BEFORE-RAS REFRESH CYCLE . 
tRC(2) 
tRAS(1) tRP(3) 
ViH —— 
RAS 
vil. —. 
tRPC(34) 
tCP(22) tCHR(36) 
ViIH —— 
os a | 
vil. —— 
tWRH(44) 
VIH 
WE 
Vit 
tOFF (20) 
pqo- VOH — 
DQ31 HIGH-Z 


vol —— 


NOTE : AO-A9 = DON’T CARE 
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HYM532100 = 1,048,576 X32-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 


tRC(2) 

















































tRAS(1) tRP(3) 1 7 1RAS(1) 

vn ie 
RAS 

vil. —— 

tCRP(19) tRCD(10) tRSH(15) tCHR(36) 

ViH_ — 
CAS 

a tAR(23) 

tRAL(6) 
tASR(4) tCAH(9) 

VIH_ — 
AO-AQ (| 

vil. — 








tWRH(44) 


viH_ — q 
re , 
vit — tCAC(13) 





tOFF(20) 


VOH — 
5 SI a 





HIDDEN REFRESH CYCLE (WRITE) 




















tRC(2) 
tRAS(1) tRP(3) tRAS(1) 
[e 

VIH_ —— ; 
7 ee cs 

vii — 

tWCR(24) 
tCRP(19) tRCD(10) tRSH(15) {CHR(36) 

VIH —— 
CAS 

vil: — 





tRAD(7) 

































tASR(4) tRAH(5) 
VIH — a 
A0-AQ (| ROW » — ( COLUMN 
vil — 
tRWL(32) 
tWCH(26) 
VIH —— tWP(21) 
WE 
vit — 
tDHR(29) 
tDS(27) tDH(28) 
peo. VIH 
DQ31 VIL 
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HYMS532100 1,048,576 <32-3it CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tRAS(1) tRP(3) 
















tRSH(15) 





tCPT(40) 


tRRH(18) 
ae, 

VIH ——~ ‘ 

vil —— y 
. el 
ret 

Coie. ee 

VALID DATA 


DQ3t 
VoL — 





VWiH — 
AO-A9 : 


RAS 
vil. — 
tCSR(35) 
viH —— 
CAS 
vil — 


READ CYCLE 


tWRP(43) 





WRITE CYCLE | 
{WRP(43) loa 1WCH(26) 
aa) Hwee) | 
vL—— 





tDS(27) tDH(28) 


Dao ea . ee ee es Sa BATA oe 
0e3t Lo = oo oo 
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HYMS532100 = 1,048,576 X32-Bit CMOS DRAM MODULE 
ae a a a NS IEE 


PACKAGE INFORMATION 
HYMS532100M 


UNIT: INCH(mm) 
TOLERANCE : +/-0.005(0.13) 


00.125 + /-0.002(3.18 + /-0.051 
4.250(107.95 1.000(25.40) 


0.133(3.38 3.984(101.19 ; 0.208(5. soa be | 


SJL 









Ve 0.400(10.16) 
(T\ 





0.250(6.35 WT | 6.225(5.71)MiN 
RO.062 
(1.57) COTTE ett Le EEL TEE Th 





0.080(2.03 es RO.062 + /-0.004(1.57 +/-0.10 0.250(6.35) 0.054(1.37}| 
0.250(6.35 3.750(95.25 B 0. EGY ah. 


DETAILA | DETAIL B 


eT 
0.010 MAX. 0.100 MIN. 


Poa PDA 
ke—el  be—»}- 0.041 + /-0.004 


0.050(1.27) (1.04 +/-0.10) 
















ii 
ie 
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DESCRIPTION 


The HYMS594000M is a 4M words by 9bits 
dynamic RAM module and consists of Fast 
- Page mode CMOS DRAMs of nineHY514100J 
in 20/26 pin SOJ mounted on a 30 pin glass- 
epoxy printed circuit board. 0.22uF decoupling 
capacitors are mounted under all the DRAMs. 

HYM594000M is a socket type single-in line 
module suitable for easy interchange and addi- 
tion of 4M bytes memory with parity RAM. 


BLOCK DIAGRAM 


AoA1o O 
RAS O 
CAS O 


WE O i 


FEATURES 
¢ Fast Page Mode operation 





Fast Access Time _ 
HYMS594000M -70 


HYMS594000M -80 
HYMS594000M-10 


Low power operating 


fc fetoe | bee. 


Single power supply of 5V+ 10% 
CAS Before RAS, RAS only, Hidden Refresh. 


4.46W max (HYM594000M-70) 
3.96W max (HYM594000M-80) 
3.47W max (HYM594000M- 10) 
TTL compatible inputs and outputs 
1024 refresh cycles/16ms 


PIN NAMES 





ADDRESS INPUT 





DQo— DQ; 
PD 



















DATA INPUT/OUTPUT 
DATA IN FOR PARITY 


DATA OUT FOR PARITY 








ROW ADDRESS STROBE 
COLUMN ADDRESS STROBE 
CAS FOR PARITY 





WRITE ENABLE 
POWER( + 5V) 





SS) 








GROUND 
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PIN CONNECTIONS 


Voo a) 


Oo 
CAS) (2), (0 
DQ (3) IO 
Ao @ 10 
Ai (5) Oo 
DQ, (6) 0 
A2 (7) 0 
A3 3) 10 
Vss (9) oO 
DQ2 a0) Ij 
Ag (11) TJ 
As a2) 1 
DOQ3 413) 10 
Ag (14) 0 
Az as) {0 
Do, (6) IO 
Ag a7) ID 
Ag as) ID 
Aio aa) ID 
po, (20) JO 
WE (21) 10 
Vss (22) 10 
DOs (23) IO 
NC (24) 40 
DQ, (25) IO 
PQ (26) JD 
RAS) (27) IQ 
PCAS (28) IQ 
PD (22) 10 

D 


Vop (30) 





NOTES : 

1. Common CAS control for eight data-in and data-out lines (DQO0-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ0-DQ7). 
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ABSOLUTE MAXIMUM’ RATINGS 





























_- PARAMETER : ‘| RATING | UNT | 
Ambient Temperature | 0 to 70 °C 
Storage Temperature(Plastic) —55 to 150 °C 
’ Voltage on Any Pin Relative to Vss —1.0 to 7.0 Vv 
v 
Short Circuit Output Current 50 mA 
Power Dissipation { 5.4 WwW 





NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


~RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) | 




































PARAMETER | MIN. UNIT 
Supply Voltage a 4.5 Vv 
Input High Voltage | 24 Vv | 
Input Low Voltage i —1.0 Vv | 








NOTE : All voltages are reference to Vss. 


DC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=O0V, unless otherwise noted.) 

















_ SYMBOL PARAMETER : | SPEED [ 
Input Leakage Current(any input pin) | Vss < Vin < Vpp | 
Output Leakage Current for Vss <. Dour <Vpp 
High Impedance State RAS, CAS at Vin 




















RAS, CAS at Vin 


—70 
ta Vpp Supply Current, Operating trc=trc(min) —80 
—10 


Vpp Supply Current, TTL Standb 
DD sl y other inputs > Vss 









































Vpp Supply Curren’ 
Ipp3 cue PP'Y . trc=trc(min.) : —80 | - 
RAS-only Refresh 
= 103] 32] 650) 

err | 630 

pp Supply Current, 

Minimum Cycle 540 mA 1 

Fast Page Mode = 
Vpp Supply Current, RAS? Vpp-—0.2V, CAS= Fy sun 
CMOS Standby Vin, other inputs> Vsg 
eee once =70 | = | 810 

Dp Supply Curren ; 
2 pane trc=trc(min.) —80 720 mA 
CAS-Before-RAS Refresh ee 


Output Low Voltage Iot=4.2mA 


-10 
o4 | v 
Von Output High Voltage Ion=—5mA ff a | = Vv 


1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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AC CHARACTERISTICS 
(Ta=0°C to 70°C, Von=5V+ 10%, Vss=0V, unless otherwise noted.) Notes: 1. 2.3 


ca ae 





sa if 


Ces os 
RAS Pulse Width 
Random Read or Write Cycle Time 
RAS Prechange Time 
Row Address Set-up Time 
Row Address Hold Time 
Column Address to RAS Lead Time 
RAS to Column Address Delay Time 
Column Address Set-up Time 
Column Address Hold Time 
RAS to CAS Delay 
Access Time from RAS 
Access Time from Column Address 
Access Time from CAS 

S Pulse width 

S Hold Time 


Read Command Set-up Time 


w 
—] 


RC 


ASR 


slg lz ele |e lz | 


-*- 

z 

Q 

i) 
> 


~ w = .) 
ite) 


a 


[oe] 


— | 


‘AC 


RCS 
RcH | Read Command Hold Time Referenced to CAS 


Read Command Hold Time Referenced to RAS 


Output Buffer Turn-off Delay 

Write Command Pulse Width 

CAS Precharge Time 

Column Address Hold Time from RAS 
Write Command Hold Time from RAS 
Write Command Set-up Time 

Write Command Hold Time 

Data In Set-up Time 

Data In Hold Time 


4 


IWCR 
IWCS 
WCH 


DS 


_ Mla w n 
+ oe Ain é 
8 So alos a 
A 
Cal 
3 s|m a 
A 
ty Nib N y _ 
iS) = |r ~_ wn 


Ha tens 
kee 
ite a 
ral 
rio | tow 
[20 tore 
3 | tan 
rae | two 
r26 | twos 
a8 | tow 


5 
5 
5 
z 
i 


7 
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a PT I a I IIT EE ETN 























[30 tera fess an [ae 
t[ ee Fe Pee Mode Red or Wile Gene | -@[ |] - | @[— | @] 
Fa | won| Wate Command to RAS Lead Time | | - | a |- | {- [=| | 
33 sem Wate Command n CS tne | a0 | =P as ff as Pw PO 
: Ie ee 














ie sees 


36 | tcuR 
ra 


39 | treF 























trasp 


























NOTES : 

1. An initial pause of 200us is required after power-up followed by 8 RAS AS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume ty=Sns. 

Vin(min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyyq and Vy,. 

Measured with a load equivalent to 2 TTL loads and 100pF. _ 

tofr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either tpcy Or tpRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tacp(max.) limit insures that tpac(max.) can be met. taep(max.) is specified as a reference point only : If tap is greater than the specified 
tpcp(max.) limit, then access time is controlled by tcac. 

Operation within the tpap(max.) limit insures that trac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta,- 





PI DAR wD 


~° 


CAPACITANCE 
Suman C, Vop=5V+ 10%, Vss=OV, unless otherwise noted. ) 





Input Capacitance ‘Ain, WE, CAS, RAS) 





Input Capacitance(PD, PCAS) 
1/O Capacitance(DQo-DQ7) 
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TIMING DIAGRAM 






READ CYCLE 
trciay 
Vin — —____——__—-t 
RAS ~ a tras() 
Va — ————— tary > 
tasr(a) |< 
AorAg 


= ca same no CN iy LLLLALL 


Vi — 






n YC ee oe ae 
ee — OX [| wwom |} 
EARLY WRITE CYCLE 

pore TT ronrconess X77 connor XV TLL 
oT 

ce 3S sg “WTI TILL 
c0 = TITEL on XI 


toHR(29) ——_—__—__> 
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: HYMS594000 4,194,304 9-Bit CMOS DRAM MODULE 
Sa a NS I OE I TE A OY a 


FAST PAGE MODE READ CYCLE 


tari) 







tRASP(39) 
View — <—_— tcar(6-—__—_> 
RAS 
Vit 
torpria) +— trsH(15) —> 
—> 
aM Ieasia) — 
as Vin — 
CAS 
Vit 







>| tania) 


tasp(4) > lis 





vn — RoR ap. f Sr Re EMOTE 


rote y, —_ Maa MM 885 K///) a _ (Ep 

ree ia _— =: * trcni7) 
ee) asa nc 
Vii A +— Kteaci13) — a teoaci3) a toac(3)—> 


taati23—— taaia—>| 
tepay30) ——> 


fl 


traci) ————> 


+ tore(20) <e— tor r(20) <—torF(20) : 3) 4 
Von — ALID ] VALID ; 
—_—_ _—> ; 


Voi — 





terzian terz(a1 teiziay 
FAST PAGE MODE EARLY WRITE CYCLE 


tray 
trasp(39) ——_———_—A___—__—__ 















ARS Vin —— 
a = (42) 
cs i se tRaH(s) \ 
eS OCI =a EI 
twes(2s)—e 2 
we = LTT i LLLLLL LS = | WLLLALLLLLL. 
ie 7 twe(21) | i twr(2t) > 
x a <——_> 
Vii — 
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RAS-ONLY REFRESH CYCLE 





me 4m 
torres TPM wow noone 7777/7 // LLL LLL LL 


>| tonpii9) 
CAS as | 


VoH —— 
Da ee ESE rrrnenecncnemens [1 |(> |-{-7 
Vot 


CAS-BEFORE-RAS REFRESH CYCLE 





taci2) 
<+\_—— tre(3) ————_» 








Vin 
pmaies — tras) 
RAS Us 

Vit 

+ trecisa)—> 
top(22) tesR(3s) : 
| [ef ee —_$____ttcr¢36) ——_—__»> 

Vip —— 
OS = fC 

Vi 


twrP(a3) twrH(44) 
>| |+_ >» 


we TTT LLL LLL LL, 


toFF(20) 
— +—___ 
Vou —— : 
Von 
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HIDDEN REFRESH. CYCLE (READ) 


<«— trp(3)-——» 
tRasy1;——M_H—_£—> | ———_—_——_ trasy1) ————__—__> 





Vin —— 


RAS 


ae torpi9) 

<?—_———_ trc0(10) ——_» + trsHi 5 A$ ton (36) ——————> 
a Vin — 
CAS 


tascie) |<—_> 


+ tran) —> 













Parca 
_tasriay )\—_——P 


H. 
View — COLUMN 
Ache yee /x ADDRESS K/ ADDRESS 


| <¢————_—— tari2a) 


tresii6) 


= “TTT XA RUIZ 








+ tracery <—->| torr(20) 


Vr 
oa oh ne a 
m2 


terzia1 





HIDDEN REFRESH CYCLE (WRITE) 


taasiy —— | _ |< tary | [<tr ——___> 





<?+—___—_— tcur36) ——__— 






tascia) 
tasr(4) |<} |<—»| taaras) > 


note 7M ates KK SSS “XL 


twori2a) 





a 





had (43) twerH(4a) 
>| tweori26) — 


= ZN || VE ~~ $ 


tosi27) 
_—— P| |< toH(28) —> 


ca Wm ZL — === XT 


toHR(29) ————_—_—_> 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


AorAg 


READ CYCLE 


pa. 


WE 





Von __ 
Voi 


= XLILLLLLL} RZ | 


WRITE CYCLE 


| tRWL(32) 
twrP43)| | twaH(aa) 


\" — TR RUN WO 





TTT LLL OY 
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ET | 


PACKAGE INFORMATION 


HYM594000M 


UNIT : mm 


88.90+ 0.13 : 
: 82.14+ 0.13 
‘ =. $a 93.17+ 0.05 









2 
= 
Sa ie 
o|- 
No 
+ 
o co) 
oO 
Vv +1 
2.03 | § 
——_—P - 
—>| |< 
—| greek 
5.08 MAX. 


. \ 
TOLERANCE : + 0.138mm 


* DETAIL OF CONTACTS 


“O00 
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MEMO 


PRELIMINARY 


“myuannt —_ HYMS940004 


-_ 4MX9-Bit CMOS DRAM MODULE _ 




















M4J1200A-MAR92 

DESCRIPTION FEATURES 

The HYMS594000AM is a 4M words by ¢ Fast Page Mode operation 
9 bits dynamic RAM module and consists * Fast Access Time Se 
of Fast Page mode CMOS DRAMs of nine ee ee tne tate te 
HY514100AJ in 20/26 pin SOJ mounted on HYMS594000AM-60| 60 | 20 | 40 | 
a 30 pin glass-epoxy printed circuit board. HYMS594000AM-70| 70 | 20 | 45 | 
0.22uF decoupling capacitors are mounted HYM594000AM-80| 80 | 25 | 55 | 
under all the DRAMs. : ¢ Single power supply of 5V+ 10% 

HYMS594000AM is a socket type single-in * CAS-Before-RAS, RAS-only, Hidden Refresh. 
line module suitable for easy interchange and ° Low power operating 


addition of 4M bytes memory with parity RAM. 5.12W max(HYM594000AM-60) 
4.70W max(HYMS594000AM-70) 
4.21W max(HYMS594000AM-80) 
¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/16ms 





BLOCK DIAGRAM 



























AoAt0 O PIN NAMES 
PD DATS IN FOR PARITY 
RAS | ROW ADDRESS STROBE | 
PCAS | CAS FOR PARITY 
Vop POWER(+5vV) 








Vss GROUND 
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PIN CONNECTIONS 


Von «) JO 
CAS 2) 10 
DO <3) IO 
Ao (4) oO 
A; 6) IO 
DQ, (6) 0 
A2 7) 10 
As IO 
Vss (2) {0 
DQ2 ao) JD 
Aa a1) IQ 
As a2) 19 
DQ3 13) I 
Ag (14) Oo 
Az as) 10 
DO, «6 IO 
As a7) ID 
Ag (18) D 
Aio as) ID 
DOs (20) {0 
WE (21) |O 
Vss (22) 0 
 0O—6 23) 10 
NC (24) 10 
DQ; 25s) {0 
PO (26e) 10 
RAS 27) 1 
PCAS (28) 19 
PD (29) 10 
Vop (30) JD 





NOTES : 

1, Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ0-DQ7). 
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ABSOLUTE MAXIMUM RATINGS 



















































| symBoL-——ssif ss PARAMETER 
i Ta Ambient Temperature 0to 70° 
——_—_+ 

Tstc Storage Temperature(Plastic) _| —55 to 150 
Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 
Vpp. Voltage on Vpp Relative to Vss —1.0 to 7.0 

: los Short Circuit Output Current 50 
Pr 


Power Dissipation 6.6 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 





RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) . 











PARAMETER. . 
Supply Voltage 
Input High Voltage 
Input Low Voltage 

















NOTE : All voltages are reference to Vgc. 


DC CHARACTERISTICS 
(T,s=0,C to 70,C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) 



























































































PARAMETER TEST CONDITIONS UNIT | NOTE | 
| Tny | Input Leakage Current(any input pin) | Vss<Vin< Vpp | - | 90 | ya | 
Output Leakage Current for Vss <Dout <Vpp 
(hee | sings = 10 vA 
High Impedance State RAS, CAS at Vin 
—60 a 945 
Ipp1 Vpp Supply Current, Operating trc=trc(min) —70 — 855 | mA 1 
30 | | 765 7 
i RAS, CAS atVm | | 
Ipp2 Vpp Supply Current, TTL Standby . - 18 mA 
| other inputs> Vss | al ni 
Vv S ly C [ = — ads “i 
pp Supply Current, : a 
Ipp3 ss trc=trc(min.) 70 855 mA 
RAS-only Refresh ie 30 ae 
Vpp S$ ly C 585 
u urren 
iia petal ites Minimum Cycle 495 | mA 
Fast Page Mode 405 7 
I Vpp Supply Current, RAS>Vpp—0.2V, CAS= ; a | 
DDS5 CMOS Standby [Vm other inputs>Vss Bs 
Vpp Supply C — | 945 | 
u ‘urren 
Ippe a — Aa ° trc=trc(min.) —70 | - 855 mA 
CAS-Before-RAS Refresh va Fem 
Se = emet 
VoL ; Output Low Voltage IoL=4.2mA sd - 0.4 Vv 
Von Output High Voltage | Tou= —5mA 2.4 - Vv 














NOTES : 
1. Ipp is dependent on output loading when the device output is selected, Specified Ipp(max.) is measured with the output open. 
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HYMS594000A 4,194,304 9-Bit CMOS DRAM MODULE 
- 


AC CHARACTERISTICS 
(Ta=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES : 1, 2, 3 





RAS Pulse Width 
tre Random Read or Write Cycle Time 


tasR Row Address Set-up Time 


“ASSS cs 
F i 


RAS Prechange Time 
Row Address Hold Time 
RAL | Column Address to RAS Lead Time 





ot 


AC Access Time from CAS 

CAS Pulse Width 

RAS Hold Time 

Read Command Set-up Time 

Read Command Hold Time Referenced to CA 
Read Command Hold Time Referenced to 
tcrp CAS to RAS Precharge Time 

20 | torr Output Buffer Turn-off Delay 

21) twp Write Command Pulse Width 

CAS Precharge Time 

Column Address Hold Time from RAS 
Write Command Hold Time from RAS 


> 


wr 
|} oO © 





a 


‘AS 


RCS 


RCH 


— — — _— —= 
sla [5/a/5/=]5]5/=|5]e/=[s[> 
=> - = - - = - => 
& \E (2 \F \E 18 (2 | |e 
x oO 19 o 


5 | é| 
n : 
nla an = | oe 


to Y | vy] w w = 1; 
S Si o/s Ss St, 
Lond w tw : af . 


ood 
" _ 




















Write Command Set-up Time 





— 


Write Command Hold Time 
Data In Set-up Time 
Data In Hold Time 











S 


fo 
_ ~~ 
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29] tour _| Data-In Hold Time Referenced to RAS 50 - } i | 
Access Time from Column Precharge a | 4 | - | so | os | 4 | 
31] tee | Fast Page Mode Read or Write Cycle Time | a - | | - || -[m[ 
[32] ton, [Wate Command RAS Lead Time | 2 | - | | - | al - |] | 
[33 | tow. | Write Command to CAS teed Time | 2% | - | | -|2a[-[m[ 
[24 | tne [RAS to CAS Precharge Time __——~«d_O | = 
ee ee 
heel 


[35 [team | CAS Setup Time(CAS Before RAS Gyte) 
[a1 [te [Transition Time(Rise and Fal). =i | 
tae [Refech Ped 


| 39 | RAS Pulse Width(Fast Page Mode) 


[40 tcrr | CAS Precharge Time(CBR Counter Test Cycle) 
is nes ew wom eects 0 
fat ten [EAC Te aT 
| 10 
10 | 














ot 
we 


| wl~ 










oO 


Ww 
No] 
g 
~ 











4 
WE to RAS Precharge Time(CBR Cycle) 
|44| twrn | WE to RAS Hold Time(CBR Cycle) 


NOTES : : 

1, An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using internal refresh counter, 
a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

2. AC measurements assume tt=5ns. 

3. Vypy(min.) and Vyy (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vj and Vy. 

4. Measured with a load equivalent to 2 TTL loads and 100pF. 

5. torpr(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

6. 

7. 

8 











. Either thcH Or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to CAS leading edge in early write cycles. 
. Operation within the tacp(max.) limit insures that trac(max.) can be met. tacp(max.) is specified as a reference point only : If tpcp is greater than the specified 
trcp(max.) limit, then access time is controlled by tcac. ; 
9. Operation within the trap max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 


CAPACITANCE 
(T,=25°C, Vop=5V+10%, Vss=OV, unless otherwise noted.) 
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TIMING DIAGRAM | 


READ. CYCLE 
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~ HYMS594000A 4,194,304 x 9-Bit CMOS DRAM MODULE 
a 2 NG IE I NT TT EPO, 


FAST PAGE MODE READ CYCLE 












tres) 
traspys9) 
Vin —— — 
RAS 
Vil : 
+-———— tcsH(42) ——— 
torp(i9) <— tasH1s) —> 
—>’ : 
+—tasy14) —> 
Vip — 
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Vii 


ls 


tASR(4) > 





Vin —— 
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taaci2,—_> taaii2)— 
traci) ———— tcpa30) ——> ‘ 
+ torr(20) <e— torr(20) + tKorF(20) 





Vou V/) //) ALID Y/ VALID 
( p ( IDATAY M yy ‘ J 
DO Gace / DATA 4 J JNDATA JANDATA 
<_ -_> 
terz(a1 teizaty teiz(41 


FAST PAGE MODE EARLY WRITE CYCLE 


tap(s) 





traspcag) SS 











== Viq — 
RAS 
Vii 
————— tcsn42) 
tcrP(19) 
 Jtacov <t—tcas(14) —> 
aioe Mia ee 
GAS IH \\ 
Vi trans) 
tasAr4) <>| teania iz tcania) 
—>| |<— | —> tascia) tascis) 
Vie —— 
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RAS-ONLY REFRESH CYCLE 





RAS 
Ao~Ag 
+—> | tcrriig) 
CAS as 7 
Vii : 
Vou —— 
Da e ences |-{|(3 4-7 

Vor —— 


CAS-BEFORE-RAS REFRESH CYCLE 


tre 

—+\@_ —\- tars) ———» 
ct —_—_— trey 
RAS fs 


— trpc(ss) > 


topi22) 
Vin —— 


tesri3s) t 
_ <a [CHR (36) ——_——— 
os — 7 
Vit 


twapca3) twrH(44) 
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n= MAMMMMLMLLLLLIL LLL” 
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HIDDEN REFRESH CYCLE (READ) 


<—— trr(3)-—_» 
trasy);——H—— tras) ——_——__» 
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RAS 


He tcrpir9) 
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ss Vin —— 
CAS aa 


CITT TLTILLATLLLTL 


tascie) |<——> 


<+—tran7) — 






traH(s) 
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View — ROW COLUMN 
AgAg “= / M_aDpRESS K/ ADDRESS 
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1/1, Wt RET 


+» teacti3) 





taact2) 
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sae Pg 
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HIDDEN REFRESH CYCLE (WRITE) 
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trasiy ooo trea) + —_—_——trasin 


Vin ——< 


torp(ig) | <+———— trco(10) ——>} <— trsH(1s) > <__—_— tcnr6) ———>| " 
ae Vin —— 
CAS 
Vii 


tasR() | <—-» +>} trans) 


nore OK Aopress at heer: 


twer(24) 






3 twapP(43) twrH(44) 
<>} tweon(26) _—-P| |< 


« “ITN. || VW RTL 


tos27) 
a} | _toH(28) — 


0 LTT 00% XL LLL. 


toHR(29) ——————_—> 
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HYM594000A__ 4,194,304 X9-Bit CMOS DRAM MODULE 
SE a 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 







Ache : «IE 


READ CYCLE ie — 
Do ae {aT 
sks a : 
«e | 77 LI | TRU 
- 





4-214 


HYM594000A = 4,194,304:9-Bit CMOS DRAM MODULE . 


PACKAGE INFORMATION 


HYMS594000AM 


UNIT : mm 





| " 82.14+0.13 








- 8890+ 0.13 
3.17 + 0.05 


| 


20.45 MAX. 
$$ $$ —__—$_—_——r 


rx | 

fap) 
3 
+) 
ite) 

o | 8 

oO ] 

oO 

oe as a 

2.03 q 

eee rams 
—_ 











TOLERANCE : + 0.13mm 


* DETAIL OF CONTACTS 


~ADOO 





4-215 


MEMO 


EAE MINARY. 





DESCRIPTION FEATURES 


The HYMS594000ALM is a 4M words by 
9 bits dynamic RAM module and consists 
of Fast Page mode CMOS DRAMs of nine 
HY514100ALJ in 20/26 pin SOJ mounted on 
a 30 pin glass-epoxy printed circuit board. 
0.22uF decoupling capacitors are mounted 


M4114 200A- MARQ2 


Fast Page Mode operation 
= aoe Time 






nM | | 
CHYMSOHOO0ALM80 | 8025 [55 | 







under all the DRAMs. ° Sage p power supply of ae 5V+ 10% 
HYMS594000ALM is a socket type single-in * CAS-Before-RAS, RAS-only, Hidden Refresh. 

line module suitable for easy interchange and ¢ Low power operating 

addition of 4M bytes memory with parity RAM. 5.12W max(HYM594000ALM-60) 


4.70W max(HYM594000ALM-70) 

4.21W max(HYM594000ALM-80) 
¢ TTL compatible inputs and outputs 
* 1024 refresh cycles/128ms 


BLOCK DIAGRAM 





PIN NAMES 





Ao-Aio 


| ADDRESS INPUT 





DATA INPUT/OUTPUT 





[beans 
PD 


DATS IN FOR PARITY 





RAS 


| ROW ADDRESS STROBE 





CAS _| COLUMN ADDRESS STROBE 























PCAS | CAS FOR PARITY i 
WE | WRITE ENABLE 
POWER(+5V) 
Ves | GROUND 











DQg5 








DQz 





PCAS PQ 
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HYMS94000AL 4,194,304 9-Bit CMOS DRAM MODULE 





PIN CONNECTIONS 


Voo a) JO 
CAS 2) (0 
DQO (3) IO 
Ao 4) 10 
Ay (5) 0 
DQ, (6) 0D 
A2 (7) 4O 
A3 3) 10 
Vss (9) 0 
DQ» (10) {CJ 
Aa (41) 1] 
As a2) 19 
Do; «= «3) 0 
Ag - a4) [fj 
A7 as) ID 
Do, «6s 10 
Ag a7) 1D 
Ag as) 1D 
Aio as) ID 
DOs (20) 10 
WE = (21) 10 
Vss (22) {0 
DOs (23) ID 
NC (24) 10 
DQ, (25) ID 
PQ (26) IO 
RAS (27) oO 
PCAS (28) 1D 
PD (29) 10 
Vop (30) JD 





NOTES : 

t. Common CAS control for eight data-in and data-out lines (DQ0-DQ7). 

2. Separate PCAS control for one separate pair of data-in (PD) and data-out (PQ) lines. 

3. The common 1/O feature dictates the use of only early write operations to prevent contention on data-in and data-out (DQ0-DQ7). 
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HYM594000AL 4,194,304 X 9-Bit CMOS DRAM MODULE 















































ABSOLUTE RATINGS 
‘SYMBOL [PARAMETER | RaTING UNIT 
Ta "| Ambient Temperature 0 to 70 ‘ 
Tstc Storage Temperature(Plastic) —55 to 150 Cc 
Vin, Vout Voltage on Any Pin Relative to Vss . —1.0 to 7.0 V 
Vpp Voltage on Vpp Relative to Vss —1.0 to 7.0 Vv 
los Short Circuit Output Current 50 mA 
Pr Power Dissipation : 6.6 WwW 


NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(Ta=0°C to 70°C) ‘ 















































































































































SYMBOL - “PARAMETER _ MIN, TYP. MAX. . UNIT 
Vpp Supply Voltage 4.5 5.0 5.5 Vv 
Vin Input High Voltage 2.4 = Vppt1 Vv 
Vit Input Low Voltage —1.0 = 0.8 Vv 
NOTE : All voltages are reference to Vgg. 
DC CHARACTERISTICS 
(Tr,=0°C to 70°C, Vop=5V+t 10%, Vss=O0V, unless otherwise noted.) 
SYMBOL PARAMETER ~ TEST. CONDITIONS. | SPEED | Tae UNIT |: NOTE 
: S . be Pike is MIN. | MAX. | 
| In | Input Leakage Current(any input pin) | Vss<Vin<Vpop _ 90 pA i | 
Output Leakage Current for Vss<Dour<Vpp 
| Iho | : Sar _ 10 uA 
High Impedance State RAS, GAS at Vin a 
-60 | - 945 1 
Ipp1 Vpp Supply Current, Operating trc=trc(min.) —70 - 855 mA 1 
-s0 | - ie 
RAS=CAS at Vin 
Ipp2 Vpp Supply Current, TTL Standby - 18 mA 
ae inputs> Vss 4 
Sau Gacrast -6 | - | 945 al 
u ‘urren 
ge: eee trc=tec(min.) -79 | - 8ss_| mA 
RAS-only Refresh 
—80 - 765 
Vpp Supply Current, = | = an 
uw ‘urren 
fnisd iad Minimum Cycle eee eee ee 
Fast page mode t 
—80 ! = 405 
Vpp Supply Current, RAS<Vpp—0.2V, CAS= 
Ipps suai a ; —70 = 1.8 mA 
CMOS Standby Vin, other inputs>Vss 
Gag ce : —60 - 945 
u urren 
Bee ieee ee tac=trc(min.) -7. | — | 955 | ma 
CAS-Before-RAS Refresh 
—80 a 765 
CAS=CBR cycling or 0.2V, 
WE=Vpp-0.2V, 
Add=Vpp—0.2V or 0.2V 
Vpp Supply Current, VYO=Vpp—0.2V or 0.2V or open, = 2.7 mA 1 
Ipp7 Battery Back up trc=125us, tras=tras(min.) 
~300ns 
Same as above 
- 3.6 mA 1,5 
except tras=300ns~ Ius 
VoL Output Low Voltage ToL =4.5mA = 0.4 Vv 
Vou | Output High Voltage lon=—5mA | bail Vv 
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HYMS594000AL 4,194,304 < 9-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS _ 
0°C to 70°C, Von=5V+ 10%, 


(Ta _ 









41 tasr Row Address Set-up Time 





5 | tray Row Address Hold Time 


nr RAS Pulse Width Se oe 70 | 10K | 80 
Random Read or Write Cycle Time | 120 | - | 130 | - | 
RAS Prechange Time [0 [ore 50 





c tRAL Column Address to RAS Lead Time 





sl} 














traD RAS to Column Address Delay Time 
2 tasc Column Address Set-up Time 
9] tcay Column Address Hold Time 














trcp RAS to CAS Delay 
or trac Access Time from RAS 


Access Time from Column Address 





Access Time from CAS 








phate 





















ss=OV, unless otherwise noted.) NOTES : 1, 2, 3 






150 










































































Column Address Hold Time from RAS _ 





CAS Pulse Width 20 20 10K 25 
15| trsy | RAS Hold Time 2 | - 2} - 
[is] tes Read Command Set-up Time 0 _ 0 = 
17 | tren Read Command Hold Time Referenced to CAS 0 7 0 = 
E trRH Read Command Hold Time Referenced to RAS | 0 =| 0 =n 
19| tcrp | CAS to RAS Precharge Time 5 — 5 — 
| 20 | Gee — Buffer Turn-off Delay 0 | 20 0 | 20 
21 | twp Write Command Pulse Width 15 _ Ts = ; 
10 = 
55 = 





92 | ten CAS Precharge Time 


ere 




















24| twcr | Write Command Hold Time from RAS 55 | — 
25 cf twcs | Write Command Set-up Time 
| 26 twcu | Write Command Hold Time 














Data In Set-up Time 

















Data In Hold Time 


27 | tps 
[25] 





—_ —_ 
nAlOo|nlo 
1] 1 
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HYMS594000AL 4,194,304 < 9-Bit CMOS DRAM MODULE 








































































































Ez tour Data-In Hold Time Referenced to RAS _ 60 iz a ns 

30 | tcpa | Access Time from CAS Precharge ee 40 aa 50 ns 4 

[31 tec Fast Page Mode Read or Write Cycle Time 45 _ 55 = neil 

321 trawi | Write Command to RAS Lead Time 2 | - | 2] — | os | 

| 33 | tcw.__| Write Command to CAS Lead Time 20 (pss 25 7 ns 

34 af) trpc Re to CAS Brechage Time = 0 = oI = ns 

| 35 | tcsr [CAS Set-up Time(CAS Before RAS Cycle) 10 - | 10 | — ns 

36 ke tcHR | CAS Hold Time(CAS Before RAS Cycle) 20 ee 30 — ns 

| 37 tr ee Time(Rise and Fall) 3 50 | 3 | 50 ns 3 

38 | treF Refresh Period - 128 _ 128 ms 

Lae | trasp RAS Pulse Width(Fast Page Mode) 75 | 200K 85 | 200K ns 

40 | tcpr ‘les Precharge Time(CBR Counter Test Cycle) 35 = 40 = ns si 

c tcLz CAS to Output Low Impedance 0 - a 0 = | ns | 4 

42! tcsH CAS Hold Time 70 az 80 7 ns 
twre WE to RAS peu Time(CBR Cycle) Perea ae 

4] tom [WE w RAS Hod TinccmR Ge) | w | = 


NOTES : : 

. An initial pause of f 200ps i is required after power-up followed by 8 RAS AS cycles before proper device operation is achieved. In case of using internal refresh counter, 

a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tt=5ns. 

Viy(min.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vj} and VIL. 

Measured with a load equivalent to 2 TTL toads and 100pF. 

tofrCmax.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

Either troy Or tgRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles. 

Operation within the tpcp(max.) limit insures that tpac(max.) can be met. tpcp(max.) is specified as a reference point only : If tpcp is greater than the specified 

trcp(max.) limit, then access time is controlled by tcac. 

. Operation within the tpap(max.) limit insures that tpac(max.) can be met. tpap(max.) is specified as a reference point only : If trap is greater than the specified 
trap(max.) limit, then access time is controlled by ta. 


CAPACITANCE 
mes °C, Vpp=5V+10%, Vss=OV, unless otherwise noted. ; 





BEES Ra = 


no 


eae 














SYMBOL Cees “PARAMETER MAX. | UNIT 
Cin nga ene WE, CAS, RAS) 55 pF 
Cog 15 pF | 





1/O Capacitance(DQy-DQ7) 
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HYMS594000AL 4,194,304 X 9-Bit CMOS DRAM MODULE 


TIMING DIAGRAM 





READ CYCLE 
ee TITTLE 


os : a. 
We . 7 4 
$$ trrcri10) . 






nm “—T7INTTTA In TMVITITZI 
1 — OX [wom | > 
EARLY WRITE CYCLE 

sory 777 rom soness K7777 74 cos noone) CHIITILILLLLTILNT 
os J 

ge ee se a = ae 
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ie TITTLE KILLLLLLLLLLLLLLLLLLLLL AL 


ton! 1 (29) —————___—_—_———_» 


HYMS594000AL 4,194,304 9-Bit CMOS DRAM MODULE 


FAST PAGE MODE READ CYCLE. 














tris) 
trase(39) ————_____ | |< 
aoe Vin —_ <+—— tcani6-—_——> 
RAS _ 
Vir 
tcapi9) <+— trsni5) | 
t 
+ trcoi10) Phar + teas(r4)-— 
CHS View — ' 
Vii 
Mey F 
tasR(4) > ; 
T= Y TULLLLLLLLLLLL. 
rote —v, —_ Rao, KX Ss WD i i 
Fines a" +* trays) 
tacHa7) —> ||<— tron(7) —»> tron 


We a = oe eae rts | eae —i 


taaii23—— M taaci2)— 


trac(1) ———> tcpacao) 





+ torr(20) <e torr(20) tM torr(20) 
i DK) | 
4 ( > ( DATAY : yy UDATAY 
pe Vo. — / ApATA JADA Yj 
—_—_—_> <-> 
teizian torzya1) teiz(41) ; 


FAST PAGE MODE EARLY WRITE CYCLE 


tap(s) 


trasP¢3g) A _—_—_§ re 





tcrP(19) ~» 







Vin —_— 





tasrie) ei ce 
a Oe). ah 


es. DK ) 






“thestin 


we TN VTL 


Ld newt > twP(2t) 






tawt(323————> 
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| HYMS594000AL- 4,194,304 X 9-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 











CAS 





traci) 


+@£_ —\ trey) ——> 


RAS —— trasis) 


+ trecisa) 


_ tepieay 


el CSRS) 
<¢———__ tcur36) —————_»> i 
Vin —— 
os a [— 
Vir 


=: ZA UIE. 
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HYMS594000AL 4,194,304 < 9-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 


Ag Ag 


<——— trp(3)-—» 
trase _—_\\_— tras) 





| Jenehy | tcrPrig) 
<——__— trc0(10) ——} «— trst(15) mM i — tcnr(36e) ————> 
Vinq— “J 
Vi 


tascia) |<—> 






<?+-—_—_—- tar23) 


tracsi6) 


“TTT ) | OR  REEEEEEEEEL 


+ traci) <+—>| torr(20) 


va — // Pome] 
HIGH- ID DATA , 
is GH-Z {/ /® VAL 


—_— 





tevz(at) 


HIDDEN REFRESH CYCLE (WRITE) 


Agha 


tease) ————— ]_ } tra) —|_ | << tras) ——_—___ 


Vin —— 

tcrP(i9) == 10) | <— trsni1s) i HR(36) —————> 
Viq —— 
Vii 


Vin —~ 
= 7 









7 mabe | 


twor(24) 





twapP(43) twrH(4a) 
+! tweori26) —- |) 


* =I —_||_ ZT RTT 


tRWL(32 
Bane H(28) ——> 


0 LLL 0% TLL LL. 


toxHA(29) ———————>| 


tosi27) 
+> 
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HYM594000AL 4,194,304 9-Bit CMOS DRAM MODULE 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 






| a | 
toh TALON SE WULIIMI 


READ CYCLE 

aoe re 

os Viq © y, 

we lL LLL | RZ LLL, 
- WRITE CYCLE 


tewi(33) 


| {RWL(32) 
{wrp(43)] | twrH(4a) 


mF RU —__|| WT 





po LTT MUMIA LLLLLLLLL. 
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HYMS594000AL 4,194,304 X 9-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYM594000ALM 


UNIT : mm 


88.90+ 0.13 


=. 





82.14= 0.13 


een) ee 3.17+ 0.05 


20.45 MAX. 


1.27+ 0.08 





| 
7 


"| 
5.08 MAX. 


TOLERANCE : + 0.13mm 


* DETAIL OF CONTACTS | 


“900 
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MEMO 





DESCRIPTION 


The HYMS536100 is a 1M words by 36 bits 
dynamic RAM module which mounted Fast 
Page mode CMOS DRAMs of eight HY514400J 
and four HY531000J both in 20/26 pin SOJ 
on a 72 pin glass-epoxy printed circuit board. 
Decoupling capacitors are mounted under all 
the DRAMs. 

The HYMS536100 is optimized for applications 
required high density and large capacity 
memory. The HYM536100 can be used as 2M 
words by 18 bits dynamic DRAM module by 
using of connecting DQ»...DQi7 to DQis... DQss 
respectively and selecting with RAS» or RAS,. 

The HYMS536100M is a socket type single-in- 
line module suitable for easy interchange and 
addition of 4M bytes memory with parity. 


PIN CONNECTIONS 





CRYA ie 


 IMX36-Bits CMOS DRAM MODULE 
: M561200A-JAN92 





FEATURES 


¢ Fast page mode operation 
Fast access Time =a 


e 





536100M-70 | 
536100M-80 


] 1536100M-10 
* Single power supply of 5V+ 10% 
* CAS-before-RAS, RAS-only, Hidden refresh 
¢ Low power operation 
5.83W max. (HYM536100M-70) 
5.17W max. (HYM536100M-80) 
4.51W max. (HYM536100M-10) 


¢ TTL compatible inputs and outputs 
¢ 1024 refresh cycles/16ms 
¢ High reliability gold plated contact pads 


PIN NAMES 


AcAg | ADDRESS INPUT 
DQg-DQss | DATA INPUT/OUTPUT 1 
RASo-RAS2| ROW ADDRESS STROBE | 
CASc-CAS3) COLUMN ADDRESS SIHORE) 

WE | WRITE ENABLE 
PD,-PD, | PRESENCE DETECT 
Vop | POWER(+5V) | 
Vss__ | GROUND 
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HYM536100 1,048,576 36-Bit CMOS DRAM MODULE 





PIN DESCRIPTIONS BLOCK DIAGRAM 

# NAME # NAME 

1 Vss 37 DQ,7 pera VOo DA9 
2 DQ 38 DQss = Las am [Ot Day 
3 DQis 39 VSS wots We VvO3 ie 
4 DQ, 40 GAS : 
5 DQi9 41 CAS, a 0Q4 
6 DQ 42 CAS, es ‘M [ie Bs 
7 DQea 43 CAS, wore we {9s DQ7 
8 DQ; 44 RAS os 

9 DQ: 45 NC . DQg 
10 VDD 46 NC 


11. NC 47 WE 


a ee me 

12 Ao 48 NC las 4m bas 
13 Ai 49 DQs ‘ i DQ14 
14 A 50 DQ | V “tots oS oie 
15 As 51 DQ DQ13 
16 A 52 DQz 1 Da14 
17 53 DQ nae a We VO3 eal 


As 

18 Ag 54 DQz oa 

19. NC 55 DQi ls 
20. DQ, 56 DQ het WE 


21 DQz 57 DQis 


ieee VO 
22 DQs 58 DQ: ; ; RAS2 VO, DQig 
23. DQ, 59 VDD , ia We eae 
24 DQ. 60 DQs toms We : Daz 





25 DQ 61 DQi, DQ22 

26 DQ, 62 DQes —| 5s aM 4 Daz3 

27 DQes 63 DQis . v7 ere WE VO3 poe 

28 A, 64 DQs Lt , 

29. NC 65 DQ : PS im Se 

30 VDD 66 NC We 

31 Ag 67 PD; . . 

32 As 68 PD» ~~ G27 

33. NC 69 PDs OS oe = oe 

34. RAS; 70 PD, : | “ots we_ [2 bp 

35. DQse 71. NC 

a en = oe DQ. 

36 DQ, 72 Vss 0 ~ 

WE VOg 

PRESENCE DETECT PINS ab as co 
Fas DIN Be 

PIN 70 -80  —'-10 = 8 Me “7 7 

PD, Vss. vss. VSS 

-PD2 vss. vss. Vss Slee 

PDs Vss NC VSs . 1M : HY531000J 

PD, NG Ves Ves . 4M : HY514400J 
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HYMS536100 1,048,576 X 36-Bit CMOS DRAM MODULE 































ABSOLUTE MAXIMUM RATINGS 
"SYMBOL if ) "PARAMETER - RATING - UNIT 
Ta Ambient Temperature 0 to 70 Cc 
TstG Storage Temperature(Plastic) | —55 to 150 Cc 
Vin, Vout Voltage on Any Pin Relative to Vss —1.0 to 7.0 








Voltage on Vpp Relative to Vss 














los Short Circuit Output Current. 
Pr Power Dissipation 





NOTE : Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 



























































































SYMBOL PARAMETER iin, LE aye 71 ax UNIT 
Vpp Supply Voltage 4.5 5.0 5.5 Vv 
Vin Input High Voltage 2.4 = Vppt 1 Vv 
Vii Input Low Voltage } 1.0 - | 08 Vv | 
NOTE : All voltages are reference to Vsg. 
DC CHARACTERISTICS 
(T,=0°C to 70°C, Vonp=5V+ 10%, Vss=OV, unless otherwise noted.) 
[ SYMBOL |” PARAMETER __| tesr conprmions | speep| Man. | Max. | UNM 
| Tur | | Input Leakage Current(Any Input Pins) | Vss<Vin<Vpp | | 120 yA | 
| Io | Output Leakage Current for Vss<Vout<Vp» - a 
High Impedance State RAS & CAS at Vint 
Ipp:. | Vop Supply Current, | -70 | — | 1060 | 
Operating trc=trc(min.) [ —80 ee | 949 mA 1 
—10 = 820 
Ipp2 Vpp Supply Current, RAS & CAS at Vin, 
a 24 mA 
TTL Standby Other inputs> Vss 
Ipp3 i Vpp Supply Current, —70 = 1060 
RAS-only Refresh trc=trc(min.) —80 r - 940 mA 
| | —10 ie oe | 820 | 
Ipp4 Vpp Supply Current, Minimum Cycle —70 an 860 
Fast Page mode tpc=tpc(min.) —80 - 740 mA 1 
| (Rese 10 = 620 
Ipps Wess Supply Current, RAS>Vpp—0.2V, 
CMOS Standby CAS>Vpp—0.2V - mA 
other inputs>Vss il ae 
Ippe Vpp Supply cone | mn _ 1060 
CAS-before-RAS Refresh trc=trcGmin.) —80 — 940 mA 
re 10 ee 820 
|: VoL <I Output Low Voltage IoL=4.2mA f) ioe 0.4 Vv 
Vou Output High Voltage Ion=—S5mA | 2.4. aa Vv | 





























NOTE : 


1. Ipp is dependent on output loading when the device output is selected. Specified Ipp(max.) is measured with the output open. 
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HYMS536100 1,048,576 <36-Bit CMOS DRAM MODULE 





AC CHARACTERISTICS 
(T,=0°C to 70°C, Vop=5V+ 10%, Vss=OV, unless otherwise noted.) NOTES : 1, 2, 3 


a 





tras RAS Pulse Width 
tre Random Read or Write Cycle Time 
trp RAS Precharge Time 


1 
2 
3 
Es tasR —| Row Address Set-up Time = 
| 








Row Address Hold Time 
Column Address to RAS Lead Time 
RAS to Column Address Delay Time [a2 




























Column Address Set-up Time 
Column Address Hold Time Gi 15 [_- 
RAS to CAS Delay | 20 
Access Time From RAS = 














Access Time From Column Address 
Access Time From CAS a = 
CAS Pulse Width 


15} trsy RAS Hold Time 


























16 | tres Read Command Set-up Time _ | 
147 trcH | Read Command Hold Time Referenced to CAS 
lis trRH Read Command Hold Time Referenced to RAS 
|19| torr | CAS to RAS Precharge Time L 5 | 








20 tear Output Buffer Turn Off Delay _| 
21) twp Write Command Pulse Width 
| 22 tcp | GAS Precharge Time 

An tar__| Column Address Hold Time From RAS 1 55 | 























— twcr Write Command Hold Time From RAS t | 
0 



































25 | twces Write Command Set-up Time 

D6 |store [wrt Command Hold Time [1s | - | 1 [ 

27 | tps Data-In Set-up Time 0 | = 0 - 0 oa ns 
E ton _| Data-In Hold Time is | - is | - | 2/| - rc 7 
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HYMS536100 1,048,576 X36-Bit CMOS DRAM MODULE 
















Pee eee ee ee 
fp - {| s}|- | se] - | s [mo] 4 | 





31 | tne | Fat Page Mode Read or Wie Ce ime | so | - | wo] - | @[- [m=] 
[a0 tave | Wate Command © RAS teed Tine | 0 | - || - | a] - | m] 
[33 tow | Waite Command CAS Lead Time [a0 | = | | - | 2s] - [ms 























































Ey RSet = Da 
35 | tcsr CAS Set-up Time(CAS Before RAS Cycle) } wo | - | 10 | - | 0 | — | os | 

36 | tcur | CAS Hold Time(CAS Before RAS Cycle) | 30 | - | 30 [| -. | 30 [ — | ns-| 

37| tr __| Transition Time(Rise and Fall) so | 3 | so] 3] so | nm | 3 | 
38 | trer | Refresh Period | - {| wi - | wi] - | 16 ee 

| 39 trasp | RAS Pulse Width(Fast Page Mode) 70 80 | 100K | 100 100K | ns 

ay cer CAS Precharge Time(CBR Counter Test Cycle} 40 40 - | so | - | os | 

| 41 tciz | CAS to Output Low Impedance | - | ns | 

42 | tcsu cs Hold ime = ns 

43 | twee | WE to RAS Precharge Time(CBR Cycle) ~ | ons 

















44] twen | WE to RAS Hold Time(CBR Cycle) 














NOTES : 


con Am fw NY 


. An initial pause of 200us is required after power-up followed by 8 RAS cycles before proper device operation is achieved. In case of using intermal refresh counter, 


a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 


. AC measurements assume tt=5ns. 

. VppCmin.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Vyjq and Vy,- 

. Measured with a load equivalent to 2 TTL loads and 100pF. 

. tofF(max.) defines the time at which the output achieves the open circuit condition and are not referenced to output voltage levels. 

. Either tacyH Or tprH must be satisfied for a read cycle. 

. These parameters are referenced to CAS leading edge in early write cycles. 

. Operation within the trcp(max.) limit insures that taac(max.) can be met. ta¢p(max.) is specified as a reference point only : If tpcp is greater than the specified 


trcp(max.) limit, then access time is controlled by tc ac. 


. Operation within the tpap(max.) limit insures that tpac(max.) can be met. trap(max.) is specified as a reference point only : If trap is greater than the specified 


trap(max.) limit, then access time is controlled by tga. 


CAPACITANCE 
(Ta= 25°C, Vpp=5V+ 10%, Vss=OV, unless otherwise noted.) 





Input Capacitance(Ag-Ag ) 
Input Capacitance(WE) 
Input Capacitance(RASo-RAS;) 


Input Capacitance(CASo-CAS;3) 
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HYM536100 1,048,576 X 36-Bit CMOS DRAM MODULE 





TIMING DIAGRAM 








READ CYCLE 
tRC(2) 
tRAS(1) tRP(3) 
VIR — 
RAS 
vit — 
tRCD(10) a ee eee 





1CRP(18), 4 Sa tCRP(19) 
VIH_ — | teas 
om ee Soa | 


vit — ares | 
tRAD(7) 
ae 
aa <x 
O~, 
vn Ee COLUMN 














tRAL@6) 





tASR(4) tRAH(5) eee | 





ges ne 7) 
[nr 8) 
























































WE Vi —T= 
.— 
tCLZ(41)__. 
tRAC(11) tOFF (20) 
_ VOH —~ 
"085 VOL — HIGH-Z VALID DATA ) 
EARLY WRITE CYCLE 
tRC(2) 
tRAS(1) tRP(3) 
VIHo — 
RAS 
vit —— 
tRCD(10) tRSH(15) 
tCRP(19) tCSH(42) tCRP(19) 
ViH —— 
CAS 
vil —— 
tRAD(7) 
tASR(4) tRAH(5) 
VIH 
Ao-AgQ.. 
VIL 
VIH 
WE 
VIL 
tWCH(26) 
tWP(21) 
Dao - VIH a) 7 
tOS(27) tDH(28) 


tDHR(29) 
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HYMS536100 1,048,576 <36-Bit CMOS DRAM MODULE 





FAST PAGE MODE READ CYCLE 






























tRASP(39) tRP(3) 
VIH_ ——— 
RAS 
vil —— 
tCSH(42) tPC(31) tRSH(15) 
tRCD(10) tCAS(14) 
ViH -—— 
os | | 
vil: —. 
jee oe 
Vi — 
vic —_ Jf ff OPK COON CON 
FF = tRRH(18) 
ey © tRCH(17) 
EAE ER! 
VIH_ — g 
WE 
eS tCAC(13) 
tRAC(11) 
tciz(41)_ 1OFF (29) 











VOH —— 
Dao - 
pak: epee HIGH-Z ( X VALID DATA 


FAST PAGE MODE EARLY WRITE CYCLE 







































tRASP(39) tRP(3) 
ViH_ —— | 
RAS 
vil. —— 
tCSH(42) tPC(31) tRSH(15) 
tCRP(19 tRCD(10) tCAS(14) tCP(22) {CAS(14) tCP(22) [ tCAS(14) tCRP(19) 
ViH — 
CAS 
vil. —— 
tRAL(6) 
tCAH(9) tACS(8 tCAHQ) 
vIH_ — Pe] 
on OGD | 






tWCH(26) 


tWCH(26) 


VIH_ — = 
WE 
vil. — we 


tDHR(29) 
1DS(27 








t0S(27)| |tDH(28 


DaQ0 - ee ee ee seas 
Da35 yy __ =X VAUD DATA K Xx VALID DATA x Xx VALID DATA Ks 
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HYMS536100 1,048,576 36-Bit CMOS DRAM MODULE 


RAS-ONLY REFRESH CYCLE 


tRC(2) 






tRP(3) 





tRAS(1) 



























De ee ee | 
ViH —~ - 
RAS 
vil —. 
tCRP(19) 
eee 
VIH —— 
CAS 
vit —— 
tASR(4) tRAH(5) 
VIH ¢ 
AO-AQ ROW > 
VIL 
VOH —— 
DQo - 
DOset ie HIGH-Z 
NOTE : WE = DON'T CARE 
CAS-BEFORE-RAS REFRESH CYCLE 
tRC(2) 
tRAS(1) tRP(3) 
ViIH —— 
RAS 
Vil —— 
tRPC(34) 
tCP(22) tCHR(36) 
oy os jf ti“(‘(i‘i 
vil — 
tWRH(44) 
VIH 
WE 
Vit 
pao - 
DQ35 HIGH-Z 








NOTE : AO-A9 = DON’T CARE 


4-236 


HYMS536100 1,048,576 36-Bit CMOS DRAM MODULE 





HIDDEN REFRESH CYCLE (READ) 


tRC(2) 


tRAS(1) a tRAS(1) 
ViH_ — 
ia ara ae 
tCRP(19) tRCD(10) tRSH(15) | tCHR(36) 
ar 













ViH —— 
CAS 
vit —— 
tASR(4) 
MAO ees 
A0-A9 et 
Vil ——_:, 
VIR ee 
WE : 
vil — 





VOH — ; i, 
SS ne eed 





HIDDEN REFRESH CYCLE (WRITE) 















































tRC(2) 
a ao pe a 

viH_ —— 
RAS 

vil —— 

tWCR(24) 
tCRP(19) 1: tRCD(10) tRSH(15) ca 

VIH_ — 
CAS 

vil) — 

tRAL(6) 
tASR(4) ees 

pagan Mle 
0-A9 LUMN 

vit — P con 

| tRWL(32) 
tWCH(26) 
VI twP(21) 
vil. — 
tDHR(29) | 
108(27) E tDH(28) 

VIW ——T Le he ee ee ee See ee 
pao- ee a ee 6S 
Dass ys QM VALID DATA Ae 
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HYMS536100 1,048,576 36-Bit CMOS DRAM MODULE. 


A cg RA A I RI SN TS ET ESTEE EES ; 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 









































































tRAS(1) tRP(3) 
ViIH — 
RAS 
vil. — 
tRSH(15) 
ICSR(35) tCHR(36) tCPT(40) 
viH_ — 
CHS 
vil. — 
tRAL(6) 
sce _| | roan 
[ee [ee 
READ CYCLE | tAA(12) tRAH(18) 
tWRP(43) | | tWRH(44) tRCS(16) tRCH(17 
VIH + — cine Rae 
vik — 
tCAC(13) 
ae — 
VOH —— 
pao - 
= 2 os, 
vOoL — 
[ {CWL(33) 
WRITE CYCLE tRWL(32) 4 
tWRP(43)_ | | tWRH(44) 1WCS(25) tWCH(26) 
ae tWP 21) SORE AAR Ve : See z 
VIL a 
tDS(27) tDH(28) 
VALID DATA 
DQ35 VIL —e 
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HYM536100 1,048,576 X 36-Bit CMOS DRAM MODULE 


PACKAGE INFORMATION 


HYM536100M 
UNIT ; INCH ime) 
TOLERANCE : +/-0.005(0.13) 
10.125 +/-0,002(3.18 + /-0.051 
4.250(107.95 1.000(25.40 
0.133(3.38 3.984(101.19 0.370(9.40) MAX 
De aaa ie en ee eee ee ee A 









0.400(10. 16) 
0.250(6.35 
R0.062 


N ! .225(5.71)MIN 
Ae TT a TET 





(1.57) PULTE TTT ETT 
0.080(2.03 es RO.062 + /-0.004(1.57 + /-0.10 0.250(6.35 0. 1,054 (1.37) 1.3 
0.250(6.35 3.750(95.25) 0. oat 19) 
DETAIL A ; DETAIL B 


0.010 MAX. 0.100 MIN. 


ca ss 


as le] 10.041 + /-0.004 
0.050(1.27) (1.04 + /-0.10) 
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MEMO 








DESCRIPTION 
The HY6116A is a high speed, low power, 


2,048 words by 8-bit CMOS static RAM fabri- 


cated using high performance CMOS process 
technology. This high reliability process cou- 
pled with innovative circuit design techniques, 
yields maximum access time of 85ns. 

The HY6116A has a data retention mode that 
guarantees data to remain valid at a minimum 
power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltages 
from 2.0 to 5.5 volt have little effect on supply 
current in data retention mode. Reducing the 


supply voltage to minimize current drain is 


unnecessary with the HY6116A family. 


ce m8 : < oe 
: 7 
* . 


Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (yA) — 
oe 


BLOCK DIAGRAM 


128x128 
MEMORY ARRAY 


VOo 
a COLUMN DECODER 
vO7 © A A 
cs 
WE 


— CIRCUIT 





FEATURES 


KX8-Bit-C 


M21120 





* High speed—85/100/120/150ns (max.) 
¢ Low power consumption 
— 150 mW typical operating 
— 0.5 uW typical standby (L-version) 


* Battery backup 


(L-version) 


— 2 volt data retention 
° Fully static operation 


— No clock or refresh required 
* All inputs and outputs directly TTL compatible 


¢ Tri-state output 


* High reliability 24 pin 600 mil P-DIP 


| Hyeti6a10 | HY6It6A12 



































A7 [1 Vec 
As As 
As Ao 
Aa WE 
As OE 
Ao Ato 
Ai cs 
Ao VOz 
VOo /O6 
VO, VOs 
VO2 VO4 
GND VOg 
DIP 
Ag~Aio | ADDRESS INPUT 
V/Og—VO7| DATA INPUT / OUTPUT | 
r cs CHIP SELECT 
WE | WRITE ENABLE 
OE | OUTPUT ENABLE | 
voo_| POWER 
GND .| GROUND 














1A: 





HY6116A 2,048 X8-Bit CMOS SRAM 





\ 


ABSOLUTE MAXIMUM RATINGS” 
sypot | PaRAMETER = |RATING 


Temperature Under Bias 
Power Dissipation ee 
[tour | Data Ouput Comet —SsSC=“‘“‘*S*dSOSC*C‘“‘COON”™C*~*‘«d’ 


NOTES : 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. : 

2. —3.5V for 20 ns pulse. 





RECOMMENDED DC OPERATING CONDITIONS 
(Tx=0°C to 70°C) | 
_sympoc | PARAMETER | MINN | TR 





Input Low Voltage 








NOTE: 
1, —3.5V_ for 20ns pulse. 


TRUTH TABLE 


YO OPERATION 


NOTE: 
1.X:HorL 














DC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 































TEST CONDITIONS — 






 ttu lt | Input Leakage Current 


tho! | Output Leakage Current 
Operating Power Supply Current 


S > Vec—0.2, =) 50 
eee al Vin=GND to Vec 5 yA 

VoL Output Low Voltage ToL=4.0mA | | a 
lon=—1.0mA 24 


Output High Voltage 
NOTE: 


1. Typical values are at Voc=5V, Ta=25°C and specified loading 


PVin=GNDwVec | | | 


CS=Vin or OE=Vin, 
Vyo=GND to Vcc 















Standby Power Supply Current 











HY6116A 2,048 X 8-Bit CMOS SRAM 





AC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 


READ CYCLE 






















: | HY6116A-85 | HY61164-10 | HY6116A-12 _ 
eo a 
Go| cous ee ee ol ee = ee 
ues | Chip Sees Acows Tine [= [= pw f= fm | 
ren erento ares eae |= fae] a ao (mc ee 
eGov [= fe oe oo a 
te Ostet mais wiomeadi oe 8 
ene | Chip Dea Oupu a ghz 0 
ou | Osput Diss w Oupur is Hehe 0 
tee | Ounet Ho tem Ades Chango] 0 































| 60 | ns | 
Lae as eee eee 
| 4 | o | wf o | | oo | 0 | os 
| «| o | @ | o | wo | o | 0 | os | 
ee a = a se ee a) 




































































Write Cycle Time 120 aa 150 a 
Chip Select to End of Write 10 - | 9 = 
Address Valid to End of Write 70 80 is | - | 20] — 
Address Set-up Time 0 0 0 = fe 0 mal 
Wirte Pulse Width 55 60 70 = 80 = 
Write Recovery Time 0 0 - | 0 = 
Output Disable to Output in High- ea | HP +o4 0 40 0 50 
Wirte to Output in High-Z 0 30 0 30 0 35 7 0 40 
Data to Write Time Overlap 30 2 30 A 35 — | 40 a 
Data Hold from Write Time 0 - 0 a 0 a ~] 0 = 
Output Active from End of Write | 10 = io. = 10 - | 10 = 





AC TEST CONDITIONS 
(T,=0°C to 70°C) 


0.8V to 2.4V 
Input and Output Timing 1.5V 
Reference Level : 


CAPACITANCE” _ 
(Ta = 25°C, f= 1.0 MHz) 1. Including scope and the jig. 






Input Capacitance 
NOTE 


1. This parameter is sampled and not 100% tested. 
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HY6116A 2,048 X 8-Bit CMOS SRAM 


TIMING DIAGRAMS 


READ CYCLE 1 





tae 
ee ey 
Vi — 
a tag 


oc \ SQ LITT 


—_——— tog ——_——> <—ton—>} 


S 4, = (WA sockael LLVLLLLLALLLLLL 


—————— hres << tonz5)-—__» 


+ teiz®) > j—_——— tcnz"). 


dis Ot ee ae aren 


READ CYCLE 2‘ 





AoA Vin 


Vie — 


Vox —— 
Dout 


OL 





READ CYCELE 343.4 


BI 


Dour 





NOTES: 

1. WE is high for Read Cycle. == 

2. Device is continuously selected CS=Vj,_ aa 

3. Addresses are valid prior to or coincident with CS transition low. 

4. OE=Vit 

5. Transition is measured + 500mV from steady state. This parameter is sampled and not 100% tested. 
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HY6116A. 2,048 8-Bit CMOS SRAM 

















WRITE CYCLE 1 
—_—_—_—————————_— tw 

ABio a ey 
ce yf :AANARARRAI 
Sy LILIA LI IL SL 
WE Vin : 

co AN: 

tonz"* 1) $$$ twp(2) ___» 
Dout = 7 HIGH-Z 
<¢-—_—_—__—_——- tow ton—>' 

Bit Ge HIGH-Z (CK vauip pata KXXXXXXXX 
WRITE CYCLE 2% 
tore St 
=z. Vw — 
cs Vuo—_ 
penne Vn —— 
WE Vue — 
Dout oe v. 

‘OL 
Dine | oy (va paTain, OOOO 
NOTES: 


SY SIAUAYWNE 


_ 


WE must be high-during all address transitions. = ae 

A write occurs during the overlap (twp) of a low CS and a low WE. 

twe is measured from the earlier of CS or WE going high to the end of write cycle. _ 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance state. 
OE is continuously low (OE=Vi1). 

Dour is the same phase of write data of this write cycle. 

. Dour is the read data of next address. 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
. Transition is measured + 500mV from steady state. ; 
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HY6116A 2,048 X 8-Bit CMOS SRAM 





DATA RETENTION CHARACTERISTICS” 
(Ta=0°C to 70°C) 


' . » PARAME TEST CONDITIO} Mt 
Vec—0.2V 2.0 


Data Retention Supply Voltage Vin=0 to Vec, CS 2 


= co 
RO eee) | ns | 
eee | ons 


Chip Deselect to Data Retention Time Se : : ; 
| tr | Operation Recovery Time oe 
NOTES , 













ITIONS 







1. These characteristics are guaranteed for L-version. 
2. Ta=25C 
3. tac=Read Cycle Time 


DATA RETENTION TIMING DIAGRAM 


DATA RETENTION MODE 
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HY6116A 2,048 8-Bit CMOS SRAM 
SA a a I RS I a I I a Oa a OR TT TTI ID IE IO IE 
PACKAGE INFORMATION 


¢ 24 PIN PLASTIC DUAL IN LINE PACKAGE — 600 MIL 


UNIT : INCH(mm) an 








1.265(32.131) 
1,245(31.623) 






_____0.600 BSC 
(15.240) ——C~S 
33 <—— 0.550(13.970) __» 
ae 0.530( 13.462) 
Ree? l 
wh 
a8 
oo 
4 


155(3.937) 
145(3.683) 
CT 
<= 
CT 
= 





ia 


fer 356) 
here" af 0 200) 


oo 















0.140(3.556) 
0.120(3,048) 





0.090(2.286),} | 0062(1.575) | |_ o021(0.533) || 
0.070(1778) | !~ 0,050(1.270)7}  '*~0.015(0.381)* 
otoo BSC} |. 
(2.540) 





MEMO 





M221201B-MAY92 


DESCRIPTION FEATURES 
The HY6264 is a high speed, low power * High speed—70/85/100/120/150ns (max.) 
8,192 words by 8-bit CMOS static RAM fabrica- * Low power consumption 
ted using high performance CMOS process —200 mW typical operating 
technology. This high reliability process coupled —10 yW typical standby (L-version) 
with innovative circuit design techniques, * Battery back up (L-version) 
yields maximum access time of 70ns. —2 volt data retention 
The HY6264 has a data retention mode that * Fully static operation 
guarantees data to remain valid at a mini- —No clock or refresh required 
mum power supply voltage of 2.0 volt. ¢ All inputs and outputs directly TTL compatible 
Using CMOS technology, supply voltages ¢ Tri-state output 
from 2.0 to 5.5 volts have little effect on supply * High reliability 28-pin 600 mil P-DIP and 330 mil 
current in data retention mode. Reducing the SOP 


supply voltage to minimize current drain is 
unnecessary with the HY6264 family. 




















| HYe2et70 «| HY626485 «=| —-HY626410 =| -HY626412 «| HY6264-15 
Maximum Access Time (ns) 70 85 100 120 150 
Maximum Operating Current (mA) 70 70 70 70 70 
. 2 2 2 2 2 
Maximum Standby Current (mA) 
L 0.1 0.1 0.1 0.1 0.1 











BLOCK DIAGRAM 


+—OVec 
>OGND 









256 X 256 
MEMORY ARRAY 





DECODER 





VOo © 






DATA 
CIRCUIT 






CONTROL 


CIRCUIT 





15/83) 


PIN CONNECTIONS 








nc] 1 28 1} Vcc 

Ayo 2 27 0 We 

A703 26 1) CS 

As Q4 25 1 Ag 

As (15 24 [Ag ete ad pe emp 
Ag (16 23 JA, Ar 43 26 > Avs 
AsQ}7 22por Mem4 25 F> Ag 
ats 211A Ade cy aan 
Aif]9 20S, Asca47 22 E> OE 
Ao (10 19 DVvo, pen he pa eel 
VOo (11 18 HVOg Aoesio 19 Si, 
VO; [J 12 17 vos, YOomaii 18 FO, 
VOz [13 16[)V04 yoy 2 tee tes 
GND (] 14 15 [J VO3 GND 14 15 F V05 


DIP SOP 
PIN NAMES 


ADDRESS INPUT . 
WE 
Vec 


| We WRITE ENABLE 
| oe | OUTPUT ENABLE 
GND GROUND 




















HY6264 8,192X8-Bit CMOS SRAM 





ABSOLUTE MAXIMUM RATINGS‘? 


Vpp, Vin, Vio Power Supply, Input, Input/Output Voltage —0. ray to 7.0 Se 
TBIAS Temperature Under Bias —10 to 125 ee 








NOTES : 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. —3.5V for 20ns pulse. 





RECOMMENDED DC OPERATING CONDITIONS 
ave to Te 









Supply Voltage 
Input High Voltage 
Input Low Voltage 
















Vin 








TRUTH TABLE 


























































MODE | WE | Cy | cS t 
Not Selected x H x x High-Z Isp, Isp1 
(Power Down) x x L x High-Z Isp, Isp2 
Output Disabled H L H H High-Z Ice, Iceci 
Read | H L H OL Dout Ice; Icct 
oan L L H H Din Ice, Ieci Write Cycle 1 
L L H L Din Icc, Icci Write Cycle 2 
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HY6264 8,192 8-Bit CMOS SRAM 





DC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 


































































Vin=GND to Vcc 
thot | Oar tetasr canon | FETERSE WO 
Icc oe Foner SUpen CSi=Vi, CS2= Vin, Lvo=0mA 
Icc1 Average Operating Current a veces A =e as 
Isp L CSi=Vin or CS.=Vin| 
tea tt Standby Power Supply CS1>Vec—0.2V, 
Be! Current | CS <0.2V or > Voc —0.2V 
ts CS1$0.2V or >Vcc—0.2V. 
SB2 
CS2<0.2V 
| VoL Output Low Voltage IoL=2.1mA = = 0.4 Vv 
Vou Output High Voltage Ion= — 1.0mA 2.4 = = Vv | 
NOTES : : 


1. Typical limits are at Vcc =5.0V, Ta=25°C and specified loading 
2. Vip min=—0.5V 


AC CHARACTERISTICS 
(Vec=5V+ 10%, Ta= 0°c to 70°C) 
READ CYCLE 


















































tre Read Cycle Time 
taa Address Access Time 
tacs1 : Cs 
Chip Select Access Time 
tacs2 CS: | 
tor Output Enable to Output Valid =| 
teiz1 : CS, 
Chip Select to Output in Low-Z 
tcLz2 CS2 
toLz Output Enable to Output in Low-Z 
“CHZ! | Chip Deselect to Output in High-Z S 
p ut in . 
tcHz2 CS.| 0 


30 
Output Disable to Output in HighZ | 0 | 30 


tou Output Hold from Address Change 10 ui: = 10. a 10, | - 10 = 15 ~_ {ns | 
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HY6264 8,192 X8-Bit CMOS SRAM 





WRITE CYCLE 




































































Address | tas | Address Setup Time =| | Time | tas | Address Setup Time =| 0 | — 
taw | Address Valid to End of Write ae 70 | - | 30 | — | 85 | - | 100] - | as 
t Write Pulse Width 50 55 _ 60 - 70 = 90 = ns 
|“ = nero $$ oe Pade —+— 
twri CSiWE| 5 = 5 - 5 ms 10 — | 10 - ns_ |: 
Write Recovery Time = 4 {—__,__ + So 
| twr2 CS2 5 oa 10 _ 10 aa 15 ca _ 15 - ns 
eg a ++ eal ea + 
| twHz | Write to Output in High-Z 0 30 0 
tpw Data to Write Time Overlap 30 - ie | 60 | 
— mi 
Data Hold from Write Time 0 = a ih 0 
| tonz af Output Enable to Output in High-Z 0 30 
tow | Output Active from End of Write 5 = | 





AC TEST CONDITIONS 
(T,=0°C to 70°C) | 
Input Pulse Level 08Vto24V.- 
Input Rise and Fall Time. Sns 














Input and Output Timing 


Reference Level 1.5V 








C.=100pF 





NOTE : 
1. Including scope and the jig 


CAPACITANCE” 
(T,=25°C, f= 1.0MHz) 








CONDITIONS 


Input Capacitance 





Input/Output 
Capacitance 





| 





NOTE : 
1. This parameter is sampled and not 100% testéd. 


TIMING DIAGRAMS 
READ CYCLE 1° 


; Viq —— 
AoA12 
VL —— 


D VoH —— 
OUT VoL VALID DATA OUT 
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HY6264 8,192 8-Bit CMOS SRAM 


READ CYCLE 2‘°4° 





—— Vipn— 

od Vo—— 

Por yg Rv oatacur 
jour ares x VALID DATA OUT 


READ CYCLE 3‘!*” 


CS2 





cS SA HLIMMLLNLLLLL 


<¢————-t 5, ——__—_» 





+1), .>—__—_» 


cs, . a NN: WLLL, LRA, 


SUNN 





cn LTT 


$$ —_§_§_— lacs: 






+t, ,.¢) ——_—_________» 
torza'®) 


con YO in ae x) 


NOTES : 

1. WE is high for read cycle. 

2. Device is continuously selected CS} =Vy, and CS2=VyH.- 

3. Addresses are valid prior to or coincident with CS; transition low. 

4, OE=Vi. 

5. Transition is measured + 500mV from steady state. This parameter is sampled and not 100% tested. 
6. CS2 is high. 

7. CS. is low. 
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HY6264 8,192X8-Bit CMOS SRAM 


WRITE CYCLE 1°” 


twe 


as ae 


me ISILILLL? ANN 


Vin — 
AorAi2 Vim 











s (XMM {IML 


(5) 
i 


ve LLL NINN 


—-twr2(3 


Dout 


Ow 
og XXX 


HY6264 8,192 8-Bit CMOS SRAM. 
SSN a a a a a ee ee SN a a al 


WRITE CYCLE 2°” 


a a eae 
AgrA12 Vi — 
<< twa (3) 


sv. — DOYS LLALLLLLLLLLLL LLL LLL 


on — LLL SW 


—M —_ tewa (1) —_> | 








tay —_ —_—_—___——_———___—__—» >_— (wr (3) 


: > i — twp (2) ————_» 


= Yo 7 SOM 


<+—_—— too» 













<a— tas —_———e| a twuz (4.10) + — tow (10)——__—_> 


Bag: SORES A AOAC SAAN 


HIGH-Z 











Vor" 2777777 TELE TLL 

Viq—- 
SO ate WAVAAVAVAVAVAWAN 
NOTES : 


WE must be high during address transitions. 

A write occurs during the overlap(twp) of low CS), high CS) and low WE. 

twr is measured from the earlier of CS] or WE going high or CS2 going low to the end of write cycle. 

During thi this period, I/O pins are in output state so that the input signals of opposite phase to the output must not be applied. 

. Ifthe Cs; low transition or the CS» high transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance 
state. 

6. OE is continuously low(OE=Vi). 

7. Dour is the same phase of write data of this write cycle. 

8. DouT is the read data of next address. 

9. If CS, is low and CS2 is high during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the output must not be applied 

to them. 
10. Transition is measured + 500mV from steady state. 
Il. tcw is measured from the later of CS; going low or CS2 going high to the end of write. 


bce ate eh 
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HY6264 8,192 X8-Bit CMOS SRAM 





1 


DATA RETENTION CHARACTERISTICS” 
(Ta=0°C to 70°C) . 





Data Retention Supply 


Vpr2 Voltage 


Vec=3V, Vin= OV to Vcc 
CS1>Vec—0.2V, CS2>Vcc—0.2V or CS2<0.2V 


Iccpri 


Vcc=3V, Vin= OV to Vcc 
CS2<0.2V, CSi2Vcc—0.2V or CS:<0.2V 











NOTES : 

1. These characteristics are guaranteed only for L-version 
2. Ta= 25°C 

3. trc=Read Cycle Time 


DATA RETENTION TIMING DIAGRAM 1 (CS, Controlled) 


DATA RETENTION MODE 





DATA RETENTION TIMING DIAGRAM 2 (CS, Controlled) 


DATA RETENTION MODE 


CS2<0.2V 





5-16 


HY6264 8,1928-Bit CMOS SRAM 





ELECTRICAL CHARACTERISTIC CURVES 
(Vec=5V, T,=25°C, unless otherwise noted) 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 








Input Low Voltage Vi (Normalized) 


E z 
8 8 
: ¢ 
Supply Voltage Vec(V) Ambient Temperature Ta(°C) 
ACCESS TIME vs. 
SUPPLY VOLTAGE ACCESS TIME vs. 
AMBIENT TEMPERATURE 
= 3 
E 6 
3 Ss 
2 g 
8 2 
= = 
3 e 
E E 
i : 
Supply Voltage Voc(V) 
Me Pee ae Ambient Temperature T,(°C) 
ey eee vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 
g 
Zr 
> 
& 
5 
> 
S 
x= 
5 
2 





Supply Voltage Vec(V) 





HY6264 8,192X8-Bit CMOS SRAM 





OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 








g 3 
5 
oO 
£ 

Fs 

= § 
3 2 
8 8 

Output High Voltage VoH(V) Output Low Voltage Vo, (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE GS, =48v SUPPLY VOLTAGE S1=Vec-0.2V 

< 3 
5 te 
E é 
o 

B 

no} 

8 

n 

Ambient Temperature Ta(°C) Supply Voltage Voc(V) 
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HY6264 8,192 X<8-Bit CMOS SRAM 
SSS EEN SR a a SE, SE Ee OTR) a De eS RE a 


PACKAGE INFORMATION 


¢ 28 PIN PLASTIC DUAL IN LINE PACKAGE — 600MIL 


UNIT : INCH(mm) a 
; MIN 





1.467(37.262) 
1.447(36.754) 


! 
| 


0,600BSC 


——— (15.240) 







0.550( 13.970) 
0.530( 13.462) 





0.025(0.635) 
































Ro 
a8 
mo 
Bw 
eid 
oo | 
— 9386) 
38 _— 3°~ 11° 00v4',200) : 
gS 
— #8 
3,3 
0.090(2.286) 0.062(1.575) 0.021(0.553) 0.100 BSC 
0.070(1.778) 0.050( 1.270) 0.015(0.381) (2.540) 
¢ 28 PIN SMALL OUTLINE PACKAGE — 330MIL 
MAX 
pa UNIT : INCH(mm) 
$3 83 
Bg a: 
35 55 
35 38 
3 i 56 
0.050 BSC 0.0200(0.5080) gg 
(1.270) 0.0140(0.3556) 8 8 
me Ss 
2 | ee 
LB oRe: 
Cae Bias 2 Dera Pees | ee 
S¢ | BASE PLANE ra 
= ea + SEATING PLANE = ae 
66 es O~8n | 
0.7280( 18.4912) 8 3 0.0500(1.2700) 
0.7200( 18.2880) 8 3 0.0300(0.7620) 
gg 
a8 
oo 
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MEMO 





DESCRIPTION 


The HY6264A is a high speed, low power 
8,192 words by 8-bit CMOS static RAM fabrica- 
ted using a twin tub CMOS process technolo- 
gy. This high reliability process coupled with 
innovative circuit design techniques, yields 
maximum access time of 70ns. 

The HY6264A has a data retention mode that 
guarantees data to remain valid at a mini- 
mum power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltage 
from 2.0 to 5.5 volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY6264A family. 






Maximum Access Time(ns) 
Maximum Operating Current(mA) 


Maximum Standby Current(mA) 





BLOCK DIAGRAM 


128-x 512 
MEMORY ARRAY 





DECODER 


COLUMN I/O 


Ry TRG 


A (\ ZZ. 







DATA 
CIRCUIT 










‘VO; © 


CS296———__-] | CONTROL 
CIRCUIT 












M261201B-MAY92 


FEATURES 


* High speed— 70/85/100/120/150ns (max. 
* Low power consumption 
— 200 mW typical operating 
—10 yW typical standby (L/LL-version) 
* Battery back up (L/LI-version) 
—2 volt data retention 
* Fully static operation 
—No clock or refresh required 
¢ All inputs and outputs directly TTL compatible 
* Tri-state output 
* High reliability 28 pin 600 mil P-DIP and 330 mil 
SOP 











nc 1 28 1) Voc 
Ay 2 27 1) We 
+ OVec A703 26 [J CS2 
+—OGND “e4 cea Eee 
. As (5 24D Ae Aceds i ee 
As (6 23 An -A7 33 26 F=> CS2 
A307 22 DOE roa ad amt 
42) 8 21 [Aro Agcce6 23 E> Ay, 
Aifj9 201]tS, Asay? 22 E> OE 
Ao (10 19D vor pba ae 
VOo (11 1810s Ago 19 E=\/0+ 
VO, [12 17D 0s ran 18 F> 0g 
vor (lr solve Yoteedi2 Es 
GND (14 158 LJ 1/03 GNDe=4 14 15 FR VO3 
DIP SOP 
PIN NAMES 







ae 
CHIP SELECT TWO 

ae [were ever 
ae fora eee 
POWER 
Leeiaw 
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HY6264A 8,192 8-Bit CMOS SRAM 


ABSOLUTE MAXIMUM RATINGS‘? 









































Vpp, Vin, Vyo | _ Power Supply, Input, Input/Output Voltage | —0.5) to 7.0 
Taras Temperature Under Bias —10 to 125 
r a | aL | 
TstG sb: Storage Temperature | —65 to 150 4 °c 
Pp Power Dissipation 1.0 Ww | 
[— T “il i 
‘a lout Data Output Current [ 50 | mA 





NOTES : 5 

1, Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

‘2, —3.5V for 20ns pulse. 


RECOMMENDED DC OPERATING CONDITIONS 
Secs to ee 














Supply Voltage 





Input High Voltage 





NOTES : 
1. —3.5V for 20ns pulse. 


TRUTH TABLE 


Standby 








Output Disabled 
Read 
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HY6264A 8,192 8-Bit CMOS SRAM 





DC CHARACTERISTICS | 
(Vec=5V+ 10%, Ta=0°C to 70°C) 








Output Leakaas Chien CS1=Vin, CS:=Vn. or OE=Vu, 
utput Leakage Curren 
: : ; Vio=GND to Vcc uA 
Operating Power Supply as 
Icc CSi=Vin, CS2=Vin, Lyo=OmA ‘ = a 
Current 


= 30 50 mA... 
— 27 50 
CS1=Vj, CS2=Vin, 
Average Operating Current : 24 50 
Min, Duty Cycle= 100%, 
; 21 50 
| 18 30 
0.4 2 


CS.=Vin or CS2.= Vit 























Standby Power Supply 





CS; > Vec—0.2V, 
CS, < 0.2V or > Vec—0.2V 





Current 








CS; < 0.2V or > Vec— 0.2V, 
CS) < 0.2V 

















Output Low Voltage 
Output High Volage 
NOTES : - 


1. Typical values are at VcC=5V, Ta=25°C and specified loading. 
2. Vi_ min=—0.5V 














AC CHARACTERISTICS 
(Vec=5V+ 10%, Ta= 0°C to 70°C) 
READ CYCLE 

















L tre Read Cycle Time 





taa Address Access Time 


tacsi : . 
Chip Select Access Time 
tacs2 















































ide Output Enable to Output Valid ie | 50 | 
teLz1 CS; | 10 
Chip Select to Output in Low-Z [S| 10 | al 
tcLz2 CS2} 10 - 
O t Enabl O t in Low-Z "Ie 5 5 a 5 [ 5 | | 1 
to utput Enable to Output in Ww- —_ - = = ns 
LZ p Be ae i_ i ite a _| 4 
tcuz1 bee BA x CS; 0 30 0 35 0 35 0 | ue 0 50 | ns : 
ip Deselect, to_Output_in High-Z : a 
tcnz2 : icieeeor: a CS2| 90 30 0 35 0 35 | 0 { 40 0 a 50 L ns a 
T 
touz Output Disable to Output in High-Z 0 30 0 35 0 35 0 40 0 50 ns 
an zit 1 aaa Faas | 
ton Output Hold from Address Change 5 = 5 - 10 - 10 _ 10 — | ns 
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HY6264A 8,192X8-Bit CMOS SRAM 
A A EE EEE PE IT OE 






WRITE CYCLE 











ee 626 Fe poe Tay 


| 85_| — | 100 | ~ | 120] — | 150 | ~ | ns | 
| | - | | - | as | - | 100 | - | os | 













ruAS ogy See ey pe 


Fiwe | Wate Gye Time i 
[tas | Address Setup Time | 
Faw | Address Vaid w End of Wate 55 
Write Pulse Width | 50 | 
| 0 | 
| 0 


S| etme 


tw 

taw 

twiz | Write to Output in High-Z lo | 
Data to Write Time Overlap 
| tox | Data Hold from Write Time | o | 
Output Disable to Output in High-Z | 0 | 
Output Active from End of Write | 5 | 


~~ 
le] 


Pe : 





AC TEST CONDITIONS. | - OUTPUT LOAD 
(Ta=0°C to 70°C) , 


Input Pulse Level 08Vto24V. | 
Input Rise and Fall Time Sns 





. Input and Output Timing 
Reference Level 


(1) 
CL=100pF . 





NOTE : 


CAP ACITAN CE’? | 1. Including scope and the jig. 
(T,=25°C, f=1.0MHz) 
SYMBOL | PARAMETER 

Input Capacitance 














Input/Output Capacitance 





NOTE : 
1. This parameter is sampled and not 100% tested. 


TIMING DIAGRAMS 
READ CYCLE 1‘? 


AoAt2 


Dout 
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HY6264A 8,192X8-Bit CMOS SRAM 


READ CYCLE 2°“ 









pal Vinee 

oF v "4 ee 

p = { ATAUT 
OW ya VALID DATA OUT 


READ CYCLE 3‘'*” 


ae ViH — 

Gs Vie 
$—— ty 479 51} 

Vv — 

Vo. — 


READ CYCLE 4°” 


Vip — 
Ll 


AgrAi2 





t 


a 
‘AA 





ton 


= w“— UYU ULLAL 


<+—__1, >_> 


= vo TM ETITILINTL 


\ 


NANI 





on LT 


ce — 






$$ —$§—t, 5) —_—__—____—___» 
terze'® 


VoH— 
D GHZ (x) 
‘OUT Ve 


(nm ommor YX 


NOTES : 

1. WE is high for read cycle. 

2. Device is continuously selected CS1=VIL and CS2=V] 

3. Addresses are valid prior to or coincident with CS transition low. 

4. OE=ViL. 

5. Transition is measured + 500mV from steady state. This parameter is sampled and not 100% tested. 
6. CS is high. 

7. CS, is low. 
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HY6264A 8,192X8-Bit CMOS SRAM 


WRITE CYCLE 1 


twc 


et —. 


TTT Tp ANNAN 








S (TO SMM, __ ATMEL. 


ce" TTL ANNAN 


< 
=z 








Ow 
a eee OOK 


HY6264A = 8,192X8-Bit CMOS SRAM 
a NP ND DOE OO a a a a I ee ET 


WRITE CYCLE 2” 


tt 
“= Ts eae, 
“A 
Ao-A12 Vi— 


<<——_—_—— twat (3) 


VLIMMAU MALL 






S  ve— WYO nay 


















Vin ——- \ 
ee IML ANN 
+—_— tware (3) 
Vi — 
<o——— _ twuz (4.10) + tow (10) > 
por YT TSS ear as 
Vor—— 
Viq —— YY 
Din ns HIGH-Z VALID DATA IN AV AVA A AAA AX 
Ns es ri IMLIDALRAAL 
NOTES : 
1, WE must be high during address transitions. oa 
2. A write occurs during the overlap(twp) of low CS), high CS2 and low WE. 
3. twr is measured from the earlier of CS; or WE going high or CS» going low to the end of write cycle. 
4. During this period, 1/O pins are in output state so that the input signals of opposite phase to the output must not be applied. 
5. If the CS, low transition or the CS2 high transition occurs simultaneously with the WE low transition or after the WE transition, outputs remain in a high impedance 


state. 

6. OE is continuously low(OE=Vj,)- 

7. DOUT is the same phase of write data of this write cycle. 

8. Dour is the read data of next address. 

9. If CSq is low and CS3 is high during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the output must not be applied 
to them. 

10. Transition is measured + 500mV from steady state. 

11. tow is measured from the later of CS; going low or CS2 going high to the end of write. 
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HY6264A 8,192X8-Bit CMOS SRAM 





DATA RETENTION CHARACTERISTICS” 
(T,=0°C to 70°C) 


















Data Retention | CS:2Vec=0.2V, C822 Vec-0.2V oF CS250.2V fame ee 

Supply Votuge | C02V, CS2Vecm02V or Scoav | 20 | = | = |v 

ee eeuaed at ie 

C3.>Voe-02V, CS22Vec—02V or cs:so2v [is | — | 1 | s@ | 
1 | 


Vec=3V, Vin= OV to Vec | - | 1 | 50 | 
Eh ile ee 


CS2<0.2V, CS12Vcc—0.2V or CS;<0.2V 


tec] = | = | ns | 










Iccpri 


Iccpr2 





Data Retention Current 















Chip Deselect to 
Data Retention Time 


See Data Retention Timing Diagram 
Operation Recovery Time 








NOTES : 
1, These characteristics are guaranteed for L.and LL-version. 
2. 3uA max. at Ta=0°C to 40°C © 

3. tac=Read Cycle Time 


DATA RETENTION TIMING DIAGRAM 1 (CS; Controlled) 


DATA RETENTION MODE 


C$, =Vcc -0.2V 


cs 
GND Sa Se ors eter ere eee ie Ga ag al aes a ad sh, oi ashk eee 





DATA RETENTION TIMING DIAGRAM 2 (CS, Controlled). 








DATA RETENTION MODE 


CS2 


Vine =m a ee ee oe ee Cn eee ee 


Vit 


CS2<0.2V 
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HY6264A 8,192X8-Bit CMOS SRAM 





~ELECTRICAL CHARACTERISTIC CURVES 
(Vec=5V, Ta=25°C, unless otherwise noted) 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. . 
SUPPLY VOLTAGE 


AMBIENT TEMPERATURE . 








z q 
9 3 
5; : 
S 2 
oO 3 
: g 
5 g 
y B 
Supply Voltage Vec(V) Ambient Temperature Ta(°C) 
ACCESS TIME vs. 
SUPPLY VOLTAGE ACCESS TIME vs. ; 
- AMBIENT TEMPERATURE 
g 3 
5 5 
S = 
Q 8 
e 
: E 
i a 
E E 
; 
: i 
Supply Voltage V v) ; 
ye Ambient Temperature Ta(°C) 
INPUT LOW VOLTAGE vs. 
INP VOLT, : 
SUPPLY VOLTAGE UT HIGH VOLTAGE Vs 


SUPPLY VOLTAGE 


Input Low Voltage Vi_ (Normalized) 
Input High Voltage Vi. ((Normalized) 





Supply Voltage Voc(V) 





HY6264A. 8,192 X8-Bit CMOS SRAM 





OUTPUT CURRENT vs. . OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Gutput High Current Ioy (Normalized) 
Output Low Current Igo_ (Normalized) 





Output High Voltage Vop)(V) . Output Low Voltage Vo_(V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. ' 
AMBIENT TEMPERATURE @S,=48v SUPPLY VOLTAGE CB, =vog-02v 





. ay 
1 


1071 


Standby Current Isp; (A) 


Standby Current Igg1 (Normalized) 


Ambient Temperature Ta(°C) Supply Voltage Voc(V) 
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HY6264A 8,192X8-Bit CMOS SRAM 


PACKAGE INFORMATION 


° 28 PIN PLASTIC DUAL IN LINE PACKAGE—600MIL 


MAX 
UNIT : INCH(mm) rit 








1.467(37.262) 
1.447(36.754) 








0.600BSC 
——— (15.240) 
0.550( 13.970) 
0.530(13.462) 













33 
| Be 
=f 
oNc™ wy 
tw 
EL 38 
oo = 
ww | 
2 
So | 
0288) 
aera por’ 00) 
8 3 _ 90800 
ae 
— — #8 
3° 
0.090(2.286) 0.062(1.575) 0.021 (0.553) 0.100 BSC 
0.070(1.778) 0.050(1.270) 0.015(0.381) (2.540) 


¢ 28 PIN SMALL OUTLINE PACKAGE—330MIL 





; MAX 
UNIT : INCH(mm) a 





0.3460(8.7884) 
«—— 0.3380(8.5852) —+| 





.___.0.4800(12.1920) 
0.4600(1 1.6840) 





















0.050 BSC 0.0200(0.5080) Sa 
(1.270) 0.0140(0.3556) g 8 
SKS) 
C™~ oN 5 
28 x8 
or, ee ee ole 3g 
8 3 BASE PLANE es 
= SEATING PLANE == 7 
36 aA o~8) | 
0.7280(18.4912) 8 3 0.0500( 1.2700) 
0.7200(18.2880) ee g 0.0300(0.7620) 
2& 
a8 
oo 
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MEMO 


SEMIC INDUCTOR Es, KX 8-Bit CMOS SRAM 





M231202B-MAY92 

DESCRIPTION FEATURES 

The HY62C256 is a high speed low power, * High speed — 85/400/120/150 ns (max. ) 
32,768 words by 8-bit CMOS static RAM fabri- * Low power consumption 
cated using HYUNDAI’s high performance — 175mW typical operating 
twin tub CMOS process. This high reliability — 15 1W typical standby (L-version) 
process coupled with innovative circuit design * Battery back up (L-version) 
techniques. yields maximum access time of — 2 volt data retention 
85ns. * Fully static operation 

The HY62C256 has a data retention mode — No clock or refresh required 
that guarantees data will remain valid at a ¢ All inputs and outputs directly TTL compatible 
minimum power supply voltage of 2.0 volt. * Tri-state output 

Using CMOS technology, supply voltages * High reliability 28 pin 600 mil P-DIP and 330 mil 
from 2.0 to 5.5 volt have little effect on supply SOP 


current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY62C256 family. 








“HY62C256-85 | HY62C256-10 al -HY62C25 

100 120 

| Maximum Average Operating Current (mA) 70 70 70 
= 

1.0 1.0 1.0 


L 0.1 : 0.1 0.1 
a 


Maximum Access Time (ns) 85 














Maximum Standby Current (mA) 

















“BLOCK DIAGRAM PIN CONNECTIONS 


As © ROW 1024x256 
DECODER MEMORY ARRAY 


Oo © 





DATA 


ccur ca DIP SOP 
PIN NAMES 


ADORESS INPUT 
VOo-VO7 DATA INPUT / OUTPUT 










oe 
OE 
We c [oe [ourrur enaae 

[ec [rower 





GROUND 





533%: 


HY62C256 32,768 X8-Bit CMOS SRAM 





ABSOLUTE MAXIMUM RATINGS‘ 









| PR Power Dissipation 
| odour sd Data Output Current 


NOTES : 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended may affect reliability. 

2. -3.5V for 20ns pulse. 








lout 





RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 





PARAMETER 


Supply Voltage 4.5 
Input High Voltage er 3 





ViL Input Low Voltage | -05@ | 


t. —3.5V for 20 ns pulse. 


NOTE: 


TRUTH TABLE 


Standby 























output Disabled 
Read 
Write 

NOTE : 

1.X:tH ork 
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HY62C256 32,768 8-Bit CMOS SRAM 





DC CHARACTERISTICS 
Scamehe 10%, Ta=0°C to 70°C) 


TEST CONDITIONS _ 








F tt || input ieee: Current Vaz GND to Vee 


CS=Vin. OE=Vin or WE=Vi1. 
| Ito | Output Leakage Current 
Vyo=GND to Vec 


lee Operaiing Power Supply Current | CS=Vit, Iyo=O0mA’ 


Average Operating Current CS=Vi1, Min. Duty Cycle=100% 














Standby Power Supply Current 











Output Low Voltage loL=4mA 
Output High Voltage lon= —1.0mA 














NOTE : 
1. Veo =5V. Ta= 28°C 


AC. CHARACTERISTICS 
(Veco =5Vt 10%, Ta=—0°C to 70°C) 


READ CYCLE 








_ PARAMETER 



















Read Cycle Time 


Address Access Time 











Chip Select Access Time 








Chip Selection to Output in Low-Z 
Output Enable to Output Valid 
Output Enable to Output in Low-Z 
Chip Deselection to Output in High-Z 
Output Disable to Output in High-Z 
Output Hold from Address Change 
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HY62C256 32,768 X8-Bit CMOS SRAM 





WRITE CYCLE 
— a 85 | Hyerc2se10 | Hve2c2s6-12 | HY 


| Max. | MIN. | MAX. [ 












Write Cycle Time © 
Chip Selection to End of Write 


Address Set-up Time 

Write Recovery Time 

Output Disable to Output in High-Z 
Write to Output in High-Z 

Data to Write Time Overlap 


Data Hold from Write Time 
Output Active from End of Write 


























AC TEST CONDITIONS | OUTPUT LOAD 
(Ta=0°C to 70°C) 


su a +5V 
Input Pulse Level 0.8V to 2.4V - 
Input Rise and Fall Time Sns : 1KQ 
Input and Output 
: D 
Timing Reference Levels i i 
o67ke Ci =100pF“) 


NOTE: ; 
1. Including scope and the Jig. 























CAPACITANCE 
(T,=25°C, f=1.0 MHz) 









Input Capacitance 


Vin =0V 
Vivo =0V 


Cin 


Cryo 















Input/Output Capacitance 10 








NOTE : 
1. This parameter is sampled and not 100% tested. 
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HY62C256 32,768 X 8-Bit CMOS SRAM 


LL SE NT a EE EI PT I OE EE I IE EE DE TY ELI SEN EE EE] 


TIMING DIAGRAMS 


READ CYCLE 1” 


tac ————— ———_— —  ————_—___—__—__——_e 








ey AAAS LV ISTIT TTT. 





se wo yyy ae ilaets LIV TTTTTTTRIT/ 





car YO ae OK vaio oma oot ¥X) 


READ CYCLE 2°?” 


Vinq — 
AorAia 

Vii —— 

ee: 
Dout il 

Vo. 





READ CYCLE 3‘3% 












cs Viw — 
Vii — 
oe bas 
— toHz(5) ——e 
oo _—_—_— 1.25) ——_—_—___e» : 
Von —— 
Dout Vara HIGH-Z VALID DATA OUT 
NOTES : 


1. WE is high for Read Cycle. 

2, Device is continuously selected, CS=Vi 

3. Addresses are valid prior to or coincident with CS transition low. 

4. OE=Vi, 

5. Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 
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HY62C256 32,768 X8-Bit CMOS SRAM 
ae 


WRITE CYCLE 1 


AoAia 


&l 
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Vin —_ 


-———$—$ $$$ $< ty 
ee oe 






1 ZZ ANAAAAANI 
YY: LTT? 
fe RURAL eee 


| $$$ twei) —____—_____e 


— tonz (3. 9)—e> 
VoH——— 
HIGH-Z 
Vo. —— 
A ASA A A PO SD V 
Ms 


Vip —— 


Vit 





HY62C256 32,768 8-Bit CMOS SRAM , 


a TP SE ET DEO ETE ETE IE 


WRITE CYCLE 2° 


a ee 


a roe tte eh et ac 
AorAi4 Vi 






s WOT ys LTT 


ie. eS ANNARRNY 


-—_——— tou ——_> 


tas 
eo twxz (3, 9) 
+—_—- towis) ———e] 7 
" VoH— TXYVVVVVVLLL LL LLL HIGH-Z 
OUT Vacs E Lrokukubuhobabubukudkedk tedden doknd._= 


Vin —— 
Vi 


Di 





HIGH-Z 








NOTES : 

1. A write occurs during the overlap(twp) of low CS and low WE. 

2. twR is measured from the earlier of CS or WE going high at the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 

5. OE is continuously low (OE=Vj,)- ; 

6. DouT is the same phase of write data of this write cycle. 

7. Dour is the read data of next address. 

8. If CS is tow during this period, 1/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
9. Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 
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HY62C256 32,768 X8-Bit CMOS SRAM 





DATA RETENTION CHARACTERISTICS” 
(Ta=0°C to 70°C) 


PARAMETER. | __TEST CONDITIONS. 


| Vor | Data Reicntioa Supply Wolice Vi20« to ea. CS > Vcc—0. Vv eee 





Vcec=3.0V, Vin=0 to Vee; . 
I Data Retention Current 2 50 
ee ae CS > Vec—0.2V a 


| tcor _| Chip Deselect to Data Retention Time eae oes 
See Data Retention Timing Diagram 
ea Operating Recovery Time 


NOTES : 
1, These characteristics are guaranteed for L -version, 
2. tpc =Read Cycle Time 








DATA RETENTION TIMING DIAGRAM 


DATA RETENTION MODE 





HY62C256 32,768 8-Bit CMOS SRAM 





ELECTRICAL CHARACTERISTIC CURVES 
(Vec=5V, T,=25°C , unless otherwise noted) 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 











g 
i 2 
2 8 
rs) - 
2 E 
c 
S) & 
= B 
a 
B 
Supply Voltage Vcc(V) Ambient Temperature Ta(°C) 
ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE - 
G 8g 
g « 
3 2 
E E 
i i 
Supply Voltage Voc(V) Ambient Temperature Ta(°C) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE fa SUPPLY VOLTAGE 
1.3 ’ 
1.2 a 
g 
8 
: 11 
2 z 
= > 
> 10 
i 
$ 2 
z 09 I 
: 
< £ 
é 
08 
0.7 
4.25 4.75 50 5.25 "55 45 475 50 5.25 55 
Supply Voitage Voc (Vv) , Supply Voltage Voc(V) 


HY62C256 32,768 X8-Bit CMOS SRAM 





OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output High Current io44(Normalized) 
Output Low Current Io; (Normalized) 








Output Li Voltage Vv vy) 
Output High Voltage VoH(V) = a 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
es AMBIENT TEMPERATURE a4 SUPPLY VOLTAGE CS =Vcc—0.2V 

oo Hl 
: 5 
3B ‘< 
E 8 
5 oa 
€ we é 
a Ba i 

80 
Ambient Temperature Ta(°C) Supply Voltage Voc(V) 
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| HY62C256 32,768X8-Bit CMOS SRAM 
LSE a a a a ae ee 
PACKAGE INFORMATION 


¢ 28 PIN PLASTIC DUAL IN LINE PACKAGE-—600MIL 


UNIT > INCH(mm) we 
: MIN 








1.467(37.262) 
1.447(36.754) 





0.600BSC 
————— (15.240) 
0.550( 13.970) 
0.530(13.462) 

































































eno 
| 58 
ES. 
oN ive) 
53 38 
os aR eee eee ee er eee 
Bo a Oe ee Ero EP (a | 
oS | 
) 
S ve aoa ys 1400.36 
a9 —»| | 3°~11 802? 
Ww 3 
82 
a2 eR 
3,0 
0.090(2.286) 0.062( 1.575) 0.021(0.553) 0.100 BSC 
0.070(1.778) 0.050(1.270) 0.015(0.381) (2.540) 
¢ 28 PIN SMALL OUTLINE PACKAGE — 330MIL 
; MAX 
I il UNIT | INCH(mm) 
Sar .e 
32 33 
oe Se 
oo SS 
$3 88 
° i 55 
0.050 BSC 0.0200(0.5080) 35 
(1.270) 0.0140(0.3556) & 8 
Qe 
ee ss 
3 & a 8 
oS 
Sa aa i EEE SOE EE 38 
8 FA BASE PLANE ne 
= SEATING PLANE a > 
co Ale wet | —_ f 
0.7280(18.4912) 8 3 0.0500( 1.2700) 
0.7200( 18.2880) % 9 0.0300(0.7620) 
Fe) 
a8 
oo 
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MEMO 





DESCRIPTION 


The HY62256A is a high speed low power, 
32,768 words by 8-bit CMOS static RAM 
fabricated using HYUNDAI’s high perfor- 
mance twin tub CMOS process. This high 
reliability process coupled with innovative 
circuit design techniques, yields maximum 
access time of 70ns. 

The HY62256A has a data retention mode 
that guarantees data will remain valid at a 
minimum power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltages 
from 2.0 to 5.5 volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY62256A family. 





M241201B-MAY92 


FEATURES 


* High speed—70/85/100/120ns (max.) 
¢ Low power consumption 
— 200mW typical operating (HY62256A-70) 
— 10. W typical standby (L/LL-version) 
* Battery back up (L/LL-version) 
—2 volt data retention 
* Fully static operation _ 
— No clock or refresh required 


- © All inputs and outputs directly TTL compatible 


¢ Tri-state output 
* High reliability 28 pin 600 mil P-DIP and 330 mil 
SOP 



































: HY62256A-70 | HY62256A-85 | HY62256A-10 | HY62256A-12 
Maximum Access Time (ns) 70 85 100 120 
Maximum Average Operating Current (mA) 70 70 | 70 ~ 70 

; 1.0 1.0 | 1.0 1.0 
Maximum Standby Current (mA) L 0.1 0.1 0.1 0.1 
LL 0.05 0.05 =| 0.05 











n 








BLOCK DIAGRAM 


512X512 
MEMORY ARRAY 


DECODER 


Oo © 


DATA 
CIRCUIT 





OE ¢ CONTROL 
CIRCUIT 
WE 





0.05 


PIN CONNECTIONS 


DIP 
















GND GROUND 
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HY62256A 32,768 X8-Bit CMOS SRAM 


ABSOLUTE MAXIMUM RATINGS” 












Storage Temperature —65 to 150 


NOTES : 

1, Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating condition for extended may affect reliability. 

2. -3.5V for 20ns pulse. 





RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 


Supply Voltage 





Vcc 
Vin Input High Voltage 
Vis Input Low Voltage 


1. —3.5V for 20 ns pulse 





NOTE : 


TRUTH TABLE 


Standby 





































Output Disabled 














NOTE : 
1X:Hork 


5-46 


HY62256A 32,768 X 8-Bit CMOS SRAM 





DC CHARACTERISTICS 
(Vcc =5V4 10%, Ta=0°C to 70°C) 


co 

















































































































/sypov | PARAMETER EST C 
| Iu | Input Leakage Current Vin=GND to Vcc 
CS=Vin or OE=Vin or WE=Vi, 
| Tho | Output Leakage Current 
Vyvo=GND to Vcc [— | 
. CS=Vn, Vin=Vin or Vir, 
Icc Operating Power Supply Current = 7 15 mA 
| Tyo=0mA 
a pam —70 - 40 mA 
CS=ViL y 
I Average Operating Current Min Duty Cycle= 100% ae — = = 
ve = 4 abe 
sad sa a -10 | — | 30 ‘mA 
nD -12 | — | 25 mA 
— : a tase 
Isp CS=Vin c= = 2 mA 
| eae en =a 
Ispi Standby Power Supply Current CS > Vec—0.2V, [ L aa 2 yA 
| ie LL - 2 5 pA 
VoL Output Low Voltage IoL=2.1mA = Vv a 
Output High Voltage Ion= —1.0mA 2.4 Vv 





NOTE : 
1. Typical values are at Vcc =5.0V, Ta=25°C and specified loading. 


AC CHARACTERISTICS 
» (Wee =5V+ 10%, Tr=0°C to 70°C) 


READ CYCLE 

































































SYMBOL "PARAMETER ee sd Sete ete LW dcienals NUE 
| ees oe), MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. MAX. | 
tre Read Cycle Time 70 - - 
taa Address Access Time r ] - 70 100 
tacs Chip Select Access Time = 70 100 
taiz Chip Selection to Output in Low-Z i 5 _ foie 
tor - | Output Enable to Output Valid = 35 50 
loz Output Enable to Output in Low-Z 5 - Wee 
| tcHz Chip Deselection to Output in High-Z 0 30 si 35 
toHz Output Disable to Output in High-Z 0 30 35 
ton Output Hold from Address Change 5 a _ 
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HY62256A 32,768 X8-Bit CMOS SRAM | 





WRITE CYCLE 














| two | write Cycte Time | 0 | = | oa | = | oo | = | io | = | os | 
| tew | Chip Selection to End of Write | 65 | = | 75 | = | 80 | - | 35 | = | os | 
| taw | Address Valid to End of Write | 65 | - | 75 | - [| a0 | - | 35 | - | os | 
| tas [Address Setup Time | | = | oO | = | o | - | oo [| = | os | 
| twe [Write Pulse width | 55 | = | oo | = | mo | - | 7m | = | os | 
|_twe [Write Recovery Time | | = | of = | o | = | of = | os | 
| tonz | Output Disable to Output in HiehZ | 0 | 30 | 0 | 30 | o | 3s | o | 4 | os | 


[Write to Output in High-Z | 9 | 30 | oo | 0 | o | 3s | o | 4 | os | 
| 40 | 50 | = | os 

i E20 Oe) ee ae | 

pio | = | os | 













or 
eau 0 
[Data Hold trom Wee Tine |_0 | — | 0 
[ouput Aatve fom End of Wie | s _| -_| =< 





al 
tow — | ate to Write Tine Ovesap | as | a ae 
ead errata 
Paes | ee om ree 





AC TEST CONDITIONS OUTPUT LOAD 
(T,=0°C to 70°C) 


Input Pulse Level 0.8V to 2.4V 


Input Rise and Fall Time Sns 
Input and Output 1.5V 
Timing Reference Level : 


CAPACITANCE’? 
(Ta=25°C, f=1.0 MHz) 












Cu = 100pF() 





NOTE: 
I. Including scope and the Jig. 












Vin=0V 
Vio=0V 





See Be ee ee ee ee ee ee 
eee : i 


Input Capacitance 























Cryo 











Input/Output Capacitance 


NOTE: 
1. This parameter is sampled and not 100% tested. 
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HY62256A 32,768 X 8-Bit CMOS SRAM 


TIMING DIAGRAMS 


READ 


AorAra 


«OE 


7] 


Dout 


READ 


AorAi4 


Dour 


READ 


Bl 


NOTES : 


CYCLE 1 











1 DUS ELVLLLLLLLLL 


“— Ty on TTT 





Vow — 


Vo 
CYCLE 2:24 


Viq —— 
Vit 


Vor — 
Vo. —— 





CYCLE 3:3 





1. WE is high for Read Cycle. <4 ‘ 
2. Device is continuously selected, CS=Vit 
3. Addresses are valid prior to or coincident with CS transition low. 


4. OE =VIL 


5, Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 
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HY62256A 32,768 X8-Bit CMOS SRAM 


WRITE CYCLE 1 


= oil 
cs = = SS Ne sd 


we pa ea 


Ao-Aia 


Vou —_ 


Vin —_ 
Vi 
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HY62256A 32,768X8-Bit CMOS SRAM 


WRITE CYCLE 2“ 


wR Ces he en ee ee 
AoAta Vi 





al 


7 = RAV ILI TILL LL/ 


we Wu 


© jo————. tox ——_—_——> 


tas 
<-—_—_—_e twnz (3. 9) 
<——— towis; ———e (6) i) 
: Vok# — TTTTTVTL HIGH-Z 
OUT eee SY OW SE Sey AS a SE Se BS SY SS EG OD Ma BP Sa Se a SE 


Vin —— 
Vii 


Din 





HIGH-Z 





NOTES : 

1. A write occurs during the overlap(twp) of low CS and low WE. 

2. twr is measured from the-earlier of CS or WE going high at the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneousty with the WE low transitions or after the WE transition. outputs remain in a high impedance state. 

5. OF is continuously low (OE=Vj,)- 

- Dour is the same phase of write data of this write cycle. 

- Dout is the read data of next address. 

. Hf TS is low during this period, 1/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 
. Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 





Oo mmD 
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HY62256A 32,768 X8-Bit CMOS SRAM 





DATA RETENTION CHARACTERISTICS” 
(Va=0°C to 70°C) 


NOTES : 

1. These characteristics are guaranteed for L and LL-version. 
2. 3A max. at Ta=0°C to 40°C 

3. tac= Read Cycle Time 





DATA RETENTION TIMING DIAGRAM 


DATA RETENTION MODE 


CS =Vcc -0.2V 
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HY62256A 32,768 8-Bit CMOS SRAM 





ELECTRICAL CHARACTERISTIC CURVES 
(Vec=5V, Tra=25°C, unless otherwise noted) 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
_¢ SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current !oc¢1 (Normalized) 


Supply Current ioc (Normalized ) 





Supply Voltage Vcc(V) Ambient Temperature Ta(°C) 
SUPPLY VOLTAGE ACCESS TIME vs. 
, ACCESS TIME vs. ; AMBIENT TEMPERATURE 





2 2 
g é 
F - 
Supply Voltage Voc(V) Ambient Temperature Ta(°C) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 
g 
z 
> 
i 
i) 
Ba 
3 
z 


Input Low Voltage Vi_ ((Normalized) 





45 475 5.0 5.25 §.5 
Supply Voltage Voc (V) 





HY62256A 32,768 X8-Bit CMOS SRAM 





OUTPUT CURRENT vs. , OUTPUT CURRENT vs. 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
16 d 


1.4 


08 


Output High Current Ip}(Normalized) 
3S 
Output Low Current Io, (Normalized) 








06 
0.4 
1 2 3 4 5 
Output High Voltage Voy(V) 
STANDBY CURRENT vs. STANDBY CURRENT vs.. _ 
ies AMBIENT TEMPERATURE wi SUPPLY VOLTAGE CS =Vcc—0.2V 
z 
= 104 : 
8 o 
E 3 
5 oS 
. E 
oO 
; 10°5 ry 
no} 
8 
10°6 
20 40 60 80 
Ambient Temperature Ta(°C) Supply Voltage Voc (V) 
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-HY62256A 32,768X8-Bit CMOS SRAM 


nn] 
PACKAGE INFORMATION 


° 28 PIN PLASTIC DUAL IN LINE PACKAGE-— 600MIL 


MAX 
iT : INCH ane 
UNIT : INCH(mm) MN 





1.467(37.262) . 
1.447(36.754) 
0.600BSC 
SS (45240). 
0.550( 13.970) 
0.530( 13.462) 





_ 0.040(1.016) 
* 0.025(0.635) 











0.155(3.937) 
0.145(3.683) 


































‘ 
aS (9.386? 
3 gio2 
8 3 = 00 
_ — #8 
3,6 
0.090(2.286) 0.062(1.575) 0.021(0.553) 0.100 BSC 
0.070(1.778) 0.050(1.270) 0.015(0.381) (2.540)... 
¢ 28 PIN SMALL OUTLINE PACKAGE-— 330MIL 
MAX 
ffi tes UNIT: INCH(mm) 
Qa O10 
$8 33 
8 YE 
55 55 
38 88 
co) | 35 
0.050 BSC 0.0200(0.5080) § > 
(1.270) 0.0140(0.3556) ss 
| os 
ge . ay 
: iS 
ey 2 Sl aes LR i 
8g | BASE PLANE f x 
Es a a PF SEATING PLANE = + 
od ae ines, 1h oS Om ial a 
0.7280(18.4912) _ BB 0.0500(1.2700) 
0.7200(18.2880) 29 0.0300(0.7620) 
8 
a8 
oo . 
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‘MEMO 





DESCRIPTION 


The HY628100 is a high speed low power, 
131,072 words by 8-bit CMOS static RAM fab- 
ricated using HYUNDAI’s high performance 
twin tub CMOS process. This high reliability 
process coupled with innovative circuit design 
techniques, yields maximum access time of 
70ns. 

The HY628100 has a data retention mode 
that guarantees data to remain valid at a 
minimum power supply voltage of 2.0 volt. 

Using CMOS technology, supply voltages — 
from 2.0 to 5.5 volt have little effect on supply 
current in data retention mode. Reducing the 
supply voltage to minimize current drain is 
unnecessary with the HY628100 family. 


M271200A-MAY92 


FEATURES 


High speed—70/85/100/120ns (max. ) 

Low power consumption 

— 250mW typical operating 

— 10uW typical standby (L/LL-version) 
Battery back up (L/LL-version) 

— 2 volt data retention — 

Fully static operation 

— No clock or refresh required 

All inputs and outputs directly TTL compatible 
Tri-state output 

High reliability 32 pin 600 mil P-DIP and 525 
mil SOP 









































| ~ ¥628100-70 |‘ HY628100-85 | “tv628100-10 | HY628100-12 | 
Maximum Access Time (ns) ‘710 85 100 ash 120 
Maximum Average Operating Current (mA) [ 70 70 70 70 | 
| 2.0 2.0 2.0 | 20 
Maximum Standby Current (mA) Li 0.1 0.1 01 L 0.1 
LL +] 0.05 0.05 0.05 ail 0.05 
BLOCK DIAGRAM PIN CONNECTIONS 
Ag Q + OVec 
+—OGND 









512 X 2048 
MEMORY ARRAY 






CONTROL 
CIRCUIT 





DIP 
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HY628100 131,072 <8-Bit CMOS SRAM’ 





ABSOLUTE MAXIMUM RATINGS” 


"SYMBOL =—s| ss PARAMETER 
Power Supply, Input, Input/Output Voltage 























fe ie ee 
eo eS 


Vpp, Vin, Vio 








Taras Temperature Under Bias 








Storage Temperature 


Pe Power Disipton 
Data Output Curent 


NOTES : 

. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating condition for extended may affect reliability. 

. ~3.5V for 20ns pulse. 






_ 


N 


RECOMMENDED DC OPERATING CONDITIONS 
(T,=0°C to 70°C) 











_ PARAMETER - 





















Vec Supply Voltage 
Vin Input High Voltage 
Vit Input Low Voltage 





NOTE: 
1, —3.5V for 20ns pulse 












































TRUTH TABLE 
ae 2 MORE cs, WE VO OPERATION | 
; H X High-Z 
Standby F i _| 
|. Xx x High-Z | 
Output Disabled L H | High-Z 
Read iE L H Dout ] 
Write L L Din 
= 
NOTE: 
1.X:HorL 
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HY628100 131,072 X 8-Bit CMOS SRAM 





DC CHARACTERISTICS 
(Vec=5V+4 10%, Tr=0°C to 70°C) 

















































































































pA 
CSi=Vin or CS:=Vit or OE=V. 
| Inol Output Leakage Current a Di eee ai - - 1 uA 
or WE=ViL, Vyo=GND to Vcc 
. CSi=Vi, CS2=Vin, Vin=Vin or Vir, 
Icc || Operating Power Supply Current oi = 50 mA 
alk Ivo =OmA | aes 
T a 
C Min cycle, Duty= 100% | | 
Iec1 CSi=Vit, CS2=Vin _ 50 70 mA 
Vin=Vin or Vit, Tyo =OmA 
are Average Operating Current . = ieee an 7 st 
Cycle Time=1ys, Duty= 100% | 
Icc2 : CSi < 0.2V, CS2 > Vec—0.2V - = 40 mA 
( Vin < 9.2V or > Vec—0.2V, Ivo =OmA vf i ‘t 
ign) CSi=Vin or CSo=Vit i ee a 3 | mA 
| — | - | - 2 | mA 
Standby Power Supply Current CS; > Vcec—0.2V, CS2 < 0.2V, =a Trt “T 
Ispi = L Ses 2 100 pA 
Vin < 0.2V or > Vec—0.2V 1 a 
LL} — 2 50 pA 
| = a — i 
VoL Output Low Voltage IoL=2.1mA =| fae 0.4 = Vv 
Vou _| Output High Voltage Ton= —1.0mA | 2.4 4 eee Sh ee He SV 
NOTE: 
1. Vec=SV, Ta=25°C 
AC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 
READ CYCLE 
Ce ee. HY628100-70 | H¥628100-85 | HY628100-10 | HY628100-12 
PARAMETER : — Sp ey a —) UNIT 
I | in. | max.| min. | MAX. MIN. | MAX MIN. | MAX. | 
Read Cycle Time L 70 a 85 = 100 - 120 L- | ns | 
AA _| Address Access Time i = 70 = 85 | = i} 100 - 120 “| ns 
t Chip Select Access Time - 70 - 85 = 100 | 120 | ns 
L acs _|C a L ee le Ls | 
tcLz Chip Selection to Output in Low-Z eo ttle 10 - 10 > ous 1, fh 2 10 _ ns 
tor Output Enable to Output Valid fos 35 - 45 - 50 - 60 ns. 
ioez [Output Enable © OupatinowZ [8 | - | s}-[ 3 )- | 3) - | om 
tcuz | Chip Deselection to Output in High-Z | - | 25 | - | 30 | - | 35 | - | 40] as 
tonz Output Disable to Output in High-Z = 25 - 30 ad 35 ad - 40 ns 
ton fk Output Hold from Address Change 10 -_ 10 - 10 - 10 = ns 
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HY628100 131,072 X 8-Bit CMOS SRAM 





WRITE CYCLE 


















Ble de ae Hvesionio | Hyesio |_| 
See | PARAMETER evry [max [tn [mia [in [vax ivi, [vax | UNE 
| two | Write Cycle Time | 0 | 
| tcw | Chip Selection to End of Write | 60 | —_ | 
ta | o | - | 
eed 







Ww 
Address Valid to End of Write 
tas Address Set-up Time 


A\ 

twp _| Write Pulse Width 
twr Write Recovery Time 
| Output Disable to Output in High-Z 
Write to Output in High-Z 

tow [Data to Write Time Overlap 

toy Data Hold from Write Time 
tow _ | Output Active from End of Write 


















































AC TEST CONDITIONS OUTPUT LOAD 
(T,=0°C to 70°C) 





Input Pulse Level 0.8V to 2.4V 
Input Rise and Fall Time 5ns 








Input and Output Timing 1.5V 
Reference Level é. = Cu = 100pF(1) 








NOTE : 
1. Including scope and the Jig. 


“CAPACITANCE” 
(Ta= 25°C, f=1.0 MHz) 





SYMBOL | = ~—_—~PARAMETER.=~—s|SsC CONDITIONS. 
Cin Input Capacitance | 











Cro Input/Output Capacitance 





NOTE : 
1, This parameter is sampled and not 100% tested. 
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-HY628100 = 131,072 X 8-Bit CMOS SRAM 


TIMING DIAGRAMS 
READ CYCLE 1” | 


Vin — 


Ao-A 
16 Vi. = 





taa 


ce vy— WSS PLYLLLLLLLLL, 


<_———— toe ——____e a — ton ——ot 


ow yoo AAAS qaeeaccaheeans ELVLLLLLLLELLL 


ce “Tf AMAA A 





Dour me = HIGH Z (x) 


(nw own our ¥X) 


READ CYCLE 22° 


Vin —— 
Ao-A 
16 wos 


Vou — 
Vo. — 





READ CYCLE 3°34 





— Vin ——s 
cs 
; Vi 
ViH—— 
CS2 
Vit —— 
Vox — 
D 
OUT Vo VALID DATA OUT 
NOTES : 


1, WE is high for Read Cycle. — 

2. Device is continuously selected, CSj=VIL, CS2=Vin ; 

3. Addresses are valid prior to or coincident with CS; transition low, and CS» transition high. 

4. OE=Vit 
5, Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 
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HY628100 131,072 X 8-Bit CMOS SRAM 





WRITE CYCLE 1 





Ce, ee 
““ TTT TF ‘ANNNNNNI 
see ANANNNINNRRNRNS TTT 


f 


“— TTT NTL RULER 
Nias ‘ANNAN | 


| tas : 


LY 
|< $$ te) ————<$< $e 


+ toHz(3, 9)—e> 
Vou — 
HIGH-Z 
Vo. — 


Vi — 
Vi 





HIGH-Z 


HY628100 131,072 8-Bit CMOS SRAM 





WRITE CYCLE 2° 


stp $a 


Vin — 


pote yy eG 







= eEANNNNNANNANNT SU 


oc POLI ILLLLLLL/ EN IER 






a Vin —_ 


wet WS | 
. ——— 0h 
tas 
ee | twuz (3. 9) 
+——— tow ———*] © | 
. Vor — TXT . ae 
a Vo. —~LLLLALLLLILILLTLLLLTLL 


Vin — 
Vi 





Din HIGH-Z 





NOTES : 

1. A write occurs during the overlap(twp) of low CS), high CS» and low WE. 

2. twR is measured from the earlier of CSjor WE going high or CS2 going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4, If the CS, low transition and the CS high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high 
impedance state. 

5. OF is continuously low (OE=Vj,) for write cycle 2. 

6. DouT is the same phase of write data of this write cycle. © 

7. Dour is the read data of next address. 

8. If im is low and CS is high during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied 

to them. 

9. Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested. 
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HY628100 131,072X 8-Bit CMOS SRAM 





DATA RETENTION CHARACTERISTICS” 
(Va=0°C to 70°C) 







«TEST CONDITIONS 
“IVinz0 to VVGE. CS1>Vec— 0.2V, 


Data Retention Supply Voltage 
CS822>Vcc—0.2V or OV<CS2<0.2V 
; ROR ae are Vec=3.0V, Vin=0 to Veo, CS12Vec 

a etention Curren 

ip Deselect to Data Retention Time 
| tcor _| Chip . espa oe Sinan Alene aaa =e Sed 
| ote | Operating Recovery Time 
NOTES : , 


1, These characteristics are guaranteed for L and LL-version. 
2. Ta=25C 


3. tac=Read Cycle Time 

















DATA RETENTION TIMING DIAGRAM 1 (CS, Controlled) 


DATA RETENTION MODE 


CS} = Vcc -0.2V 





QS 2S2S3 ee] eHSSe 252453 eee ee 2 See seee eax ice eee ee 


DATA RETENTION TIMING DIAGRAM 2 (CS, Controlled) 


DATA RETENTION MODE 


Vcc 


CS2 < 0.2V 
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HY628100 131,072 8-Bit CMOS SRAM 


PACKAGE INFORMATION 


¢ 32 PIN PLASTIC DUAL IN LINE PACKAGE — 600 MIL 


: MAX 
UNIT : INCH(mm) MN 





1.665(42.291) 
1.655(42.037) _ 

































































airs 0.550(13.970) 
8 3 0.530(13.462) 
ss 
tw 
a8 
— oo 
| 4 















0.090(2.286) 
0.070(1.778) 


IAA AAA AAA E 


— 









0.160(4.064) 
0.140(3.556) 






= 

; 
0.140(3.556) 
0.120(3.048) 


(2.540) 





0.062(1.575 Reve 
0.050(1.270) 0.015(0.381) 
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HY628100. 131,072 X 8-Bit CMOS SRAM | 
a ee ae 


° 32 PIN SMALL OUTLINE PACKAGE-—525 MIL 





, MAX 
UNIT : INCH(mm) MIN 





0.4380(11.1252) > 
—_-$——0.5640( 14.3256) 
0.5460(13.8684) 


0.4440(11.2776) 


























“~~ 
ees 
0.0160(0.4064) 2 
0.0200(0.5080) 45° pe OG 
| > wget Nad *~0.0140(0.3556) OOOO SESO sc 
- i 
7 eae ee |e 5§ 
SE En eee tne aemeeeeaeoe | Fame C 
mia) seine 
+ + SEATING PLANE gowns f 
PDS 0.8100(20.5740) gs l 0.0425(1.0795) 
2 L 0.8040(20.4216) £5 : 0.0235(0.5969) 
38 oS 
<4 SS 
a 58 
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> DRAM DATA SHEETS | 


sreeenesesetneeses sel] 





PRELIMINARY 


































M61 1200A-MAY92 
DESCRIPTION ~ FEATURES | 
The HY234000 is mask-programmable * Speed-150/200/250 ns (max.) 
ROM organized as 524,288 words by 8 bits. It * Power consumption (max.) 
is fabricated using HYUNDAI’s CMOS pro- — 220mW (operating) 
cess technology. The HY234000 operates with ¢ Polarity-programmable pins 
a 5V power supply and all inputs and outputs — CS/CS, OE/OE/NC 
are TTL compatible. It satisfies user option mo- ¢ All inputs and outputs TTL compatible 
‘des with the polarity-programmable CS and * Tri-state output 
OE. ¢ 32-pin 600 mil P-DIP and 440. mil SOP 
Maximum Access Time (ns) 150 250 
Maximum Operating Current (mA) 40 40 
Maximum Standby Current (yA) 100 100 
BLOCK DIAGRAM PIN CONNECTIONS 


s 
{ 





2048 X 2048 
. MEMORY ARRAY 


ROW PREDECODER 
ROW DECODER 


4 
je e000 D048 eee 


COLUMN DECODER 
SENSE AMP 
& LATCH 
Te OUTPUT BUFFER PIN NAMES 


Aig | ADDRESS INPUT 
CSS OF/OENC Doe ** 2 * * Dz 


Do-D7 DATA OUTPUT 
CHIP SELECT 
OUTPUT ENABLE 
POWER 
GROUND 

NO CONNECTION 


ADDRESS BUFFER 


i 
z8 
2h 
fe 
& 





eoeeeevc34eeeeeee @ © ¢ * 


a 
® 






























GND a 








HY234000 524,288 x 8-Bit MASK ROM 





ABSOLUTE MAXIMUM RATINGS” 





“SYMBOL ——«|s=si“‘é(”!”!”!”!”CPARAMETERSOOC RATING” | 
Power Supply, Input, Input/Output Voltage 


NOTES : 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

















RECOMMENDED OPERATING CONDITIONS 


Input Low Voltage —0.5 
Ambient Temperature 





































HY234000 524,288 < 8-Bit MASK ROM 































TRUTH TABLE 
MODE “Dey | OPERATION 
Not Selected High-Z Standby 
Output Disabled Active 
Read Active 


NOTE : 
1. X=L or H 


DC CHARACTERISTICS 
(Vec=5V+ 10%, T,=0°C to 70°C) 















































SYMBOL PARAMETER TEST CONDITIONS ‘vo blesses 4 UNIT 
L ear eee | MIN. a MAX. | 
{ Tur | _{_Input Leakage Current | Vin=0 to Vcc lo i 10 iz pA 
| Thol L Output Leakage Current a, Vout=0 to Vec es Hee 10 | yA 
f=6.7MHz, CS=OE=Viz = 40 mA 
‘Tec Opreating Current r = Doers? aoe Soi + sy 
f=1MHz, CS=OE=Vj, = 15 mA 
L L ci Dout=open L | iZ 
| Isp Standby Current(TTL) [ CS= Vins All Dout=open i: ca | 2 | mA 
Isp2 Standby Current(CMOS) | CS=Vcc, All Doutr=open — | 100 al pA | 
[ Vou Output High Voltage es Ion= —1mA 2.4 = a ul Vv | 
| VoL Output Low Voltage | loL=2.1mA L | 0.4 Vv 

















HY234000 524,288 8-Bit MASK ROM 





AC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 











DSR E es 


ge ee eee eee oe 
lac asa nas eo) ome Joe Sen 
es | ni eet se Te Ya fan a 
toe | Outpt Enable Tims | | foi ee ioe ee 
ae ose ee 

oe ees a ee 









‘(Cte [Data Hota Time =| 


Data Floating Time 











CAPACITANCE 
(Vcc=5V+ 10%, Ts=0°C to 70°C, f= aes 





Snpail Capacitance 
| Cour _| Output Capacitance 


6-4: 


AC TEST CONDITIONS 


HY234000 524,288 X 8-Bit MASK ROM 


SN OD I 



































Input pulse level 0.6V to 2.4V 
Input rise/fall time ‘| 10ns 
Input reference level a 1.5V 
Output reference level I 0.8V and 2.0V 








- Output load 





TIMING DIAGRAMS 


READ CYCLE 


AorAis 


cs/cs™ 


OE/OE®) 


Do-D7 


NOTES : 
1. ES is low active. CS is high active. 
2. OE is low active. OE is high active. 








1 TTL Gate and C,=100pF 





CE TEED 
A, VALID DATA ZZ 





HY234000 524,288 < 8-Bit MASK ROM 





PACKAGE INFORMATION 


¢ 32 PIN PLASTIC DUAL IN LINE PACKAGE— 600 MIL 



























MAX 
UNIT : INCH(mm) MIN 
1,665(42.291) 
1.655(42.037) 
«—— 0.600BSC .____,' 
(15.240) 
ngs +—-0.550(13.970) —> 
2 3 0.530( 13.462) 
om) 
AoA 
¢ a 
2 O 
a oo 
} 
paeemren Be 
ae) | 
es | 356) 
LO pis ge~'t 091400: 
Bg ee Seas vl | 0.068(0.200 
os 0.090(2.286) 0.062(1.575) J |g, 0.021(0.533) 5 «0.100BSC 8S 
2 0.070(1.778) 0.050(1.270) 0.015(0.381) (2540) 2S 
IN 
, So 


HY234000 524,288 8-Bit MASK ROM 


° 32 PIN SMALL OUTLINE PACKAGE — 440 MIL 






UNIT : INCH(mm) MAX 















| MIN 
Sa CF 
ww wo @® 
RS 838 
-~ wv i) 
38 3s 
oo | oO 
oN rN 
; Ro 
0.0160(0.4064) geo aa 
0.0200(0.5080) 45 — 84a 
>| [<_0050 Bsc +11—50140(0.3856) 0.0100(0.2540) ee 
(1.270) % 
58 
90 
=e ‘ 
BASE PLANE 
{ 1 SEATING PLANE oe Be f 
Pan 0.8100(20.5740) gs ~| 4 00425( 1.0795) 
5S 0.8040( 20.4216) go 0.0235(0.5969) 
2 © ) S 
2S oS 
os 58 
oo ome} 





MEMO 


PRELIMINARY 





DESCRIPTION FEATURES 
The HY234001 is mask-programmable * Speed-150/200/250ns (max. ) 
ROM organized as 524,288 words by 8 bits. It * Power consumption (max. ) 
is fabricated using HYUNDAI’s CMOS pro- — 220mW (operating) 
cess technology. The HY234001 operates with * Polarity-programmable pin 
a 5V power supply and all inputs and outputs — OE,/OE,/NC 
are TTL compatible. It satisfies user option mo- ° All inputs and outputs TTL compatible 


des with the polarity-programmable OE. ¢ Tri-state output 
32-pin 600 mil P-DIP and 440 mil SOP 


~e 














Maximum Access Time €ns) 








Maximum Operating Current (mA) 








BLOCK DIAGRAM 


& 
i 





2048 X 2048 
MEMORY ARRAY 


ROW PREDECODER | | 
ROW DECODER 


ADDRESS BUFFER 





o 
WwW 
pte 
a 
Ow 
& 


> 
oP 


OE OE V/OEVNC Dove 6 « 26 Dy PIN NAMES 


| ADDRESS INPUT 
DATA OUTPUT 
























OE OUTPUT ENABLE 
OE,/0E; oR ENABLE 
Voc POWER 








GND GROUND 


NO CONNECTION 





cea es | 








—L 





HY234001 524,288 8-Bit MASK ROM 





ABSOLUTE MAXIMUM RATINGS” 


Vpp, Vin; Vi/o Power Supply, Input, Input/Output Voltage —0.5 to 7.0 





Tpras Temperature Under Bias —10 to 85 
TstG Storage Temperature —65 to 150 
NOTES: 


1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 








RECOMMENDED OPERATING CONDITIONS 










Supply Voltage 


































Vin Input High Voltage 
fs Vit Input Low Voltage 
Ta Ambient Temperature 
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HY234001 524,288X8-Bit MASK ROM 





TRUTH TABLE 








MODE OE/OE; —DeD, —«|— ss OPERATION 

















OF 
Output Disabled H Non-selected 
Output Disabled xX Non-selected 
Read L Active 
NOTE : 
i. X=L or H 


DC CHARACTERISTICS 
(Vec=5Vt 10%, Ta=0°C to 70°C) 


























































SYMBOL PARAMETER TEST CONDITIONS 

| rr | | Input Leakage Current Vin=0 to Vcc 
| Io | Output Leakage Current Vout=0 to Vcc 

f= 6.7MHz, Vin= Vin/V IL 

Alt Dour=open 
Icc Opreating Current a 

iF f=1MHz, Vin=Vin/Vit 

Ali Dour=open 
Vou | Output High Voltage Ion= —1mA 
VoL Output Low Voltage | Tov=2.1mA 
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HY234001 524,288 x 8-Bit MASK ROM 





AC CHARACTERISTICS 
(WVoo= 5V+ ee Ta=0°C to 70°C) 






poe : | MIN. | 
Gi 15S ll GS 
Cait siemens es eo 
| tor | Output EnableTime | = | | = | 0 |= 10 
| ton | DataHoldTime | to | = | to | = | 
| tor | Data Floating Time | = | | | | = | 0 







tpF 





CAPACITANCE 
(Vec=5V+ 10%, Ta=0°C, f=1MHz) 


—— lapat Gupscinee 
Output Capacitance “Vout=0V 
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HY234001 524,288 8-Bit MASK ROM 





AC TEST CONDITIONS | 


Input pulse level 
Input rise/fall time 


Input reference level 












0.6V to 2.4V 
10ns 
1.5V 
0.8V and 2.0V 
1 TIL Gate and C,=100pF 


























Output reference level 
Output load 











TIMING DIAGRAMS | 


READ CYCLE 


fr MH 
hohe na ae 
tpg” 
sa + tpp ——_+ 
OE/OE, 
ae Cae a ae ae 


tor 








or ER aon SS 
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HY234001 524,288 X8-Bit MASK ROM 


PACKAGE INFORMATION 


“© 32 PIN PLASTIC DUAL IN LINE PACKAGE—600 MIL 


MAX 
UNIT : INCH(mm) MIN 





1.665( 42.291 » 
1.655( 42.037) 





0.600BSC___» 
(15.240) 


*— 0.550( 13.970) —* 
0.530( 13.462) 


0.025(0.635) 


— 0,040(1.016) 






. 





44(0.356) 
ell 0 908(0:200) 





0.160( 4.064) 
0.140(3.556) 


a 0.021(0.533) 


0.090( 2.286) 0.062(1.575) ] E 
0.015(0.381 } (2.540) 


0.070( 1.778) 0.050(1.270) 


0.140(3.556) 
0.120(3.048) 


HY234001 524,288 8-Bit MASK ROM 


¢ 32 PIN SMALL OUTLINE PACKAGE— 440 MIL 


0.1150(2.9210) 
0.1050( 2.6670) 















0.050 BSC ~ 
Rech 
(1.270) 


eo ee eee | ea 
Nineteen 


0.8100( 20.5740) 
0.8040( 20.4216) 











t 
ae 
to 
fo od 
PO 
Ness. 
oo 
ww 
aS 
58 
oo 






0.4440( 11.2776) 
I+-—— 0,.4380(11.1252) ———*| 





0.5640( 14.3256) 
0.5460( 13.8684) 


0.0200(0.5080) 
=~ 0.0140(0.3556) 


BASE PLANE 
SEATING PLANE 


? MAX 
UNIT : INCH(mm) MIN 


0.0160(0.4064) 45>», = 
0.0100(0.2540) 


1*-0.0125(0,3) 75) 
9.0091(0.23; 1) 





0° 8° | __0.0425(1.0795) 
| I*~ 0023505969) 
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MEMO 





M621201A-MAY92 


DESCRIPTION . FEATURES 


The HY234100 is mask-programmable * Speed- 150/200/250 ns (max.) 
ROM organized as 524,288 words by 8 bits or * 524,288x8/262,144x16 bit organization 
262,144 words by 16 bits. It is fabricated using * Power consumption (max. ) 
HYUNDATI’s CMOS process technology. The — 275mW (operating) 
HY234100 Operates with a 5V power supply ¢ Polarity-programmable pins 
and all inputs and outputs are TTL compatible. — CS/CS, OE/OE/NC 
It satisfies user option modes with the polarity- ° All inputs and outputs TTL compatible 
programmable CS and OE. * Tri-state output 


° 40-pin 600 mil P-DIP 
 Hy34100-15 | HY234100-20 
150 
50 
100 















Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (uA) 























BLOCK DIAGRAM PIN CONNECTIONS 


2048 x 2048 
MEMORY ARRAY 


eeeeeDDd48ecee 


ADDRESS BUFFER 


COLUMN DECODER 
SENSE AMP 
& LATCH 
‘DIP 
OUTPUT BUFFER ; 
PIN NAMES 


CS/CS OE/OE BHE/NC Do* * * * * * Dis 


COLUMN 
PREDECODER 





e e e e e 7 e e e e e e e e e e e & 


= 
4 
| 









Ao-Ai7_ | ADDRESS INPUT 
Do-D7 | DATA OUTPUT 
Dit | DATAIS:WORD MODE/ 
LSB ADDR-BYTE MODE 
cs/S _| ChIP SELECT | 
OE/OE | OUTPUT ENABLE 
BHE | BYTE HIGH ENABLE | 
POWER | 
GROUND | 


NO CONNECTION 































Voc 











N/C 
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HY234100 512K 8/256KX 16-Bit MASK ROM 





ABSOLUTE MAXIMUM RATINGS” 


SYMBOL. bc 2 PARAMETER, ak 
Storage Temperature 


NOTES : ; 
1. Stresses greater than those listed under ABSOLUTE MAXIMUM may cause permanent damage to the device. This is a stress ratings only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 


rating conditions for extended periods may affect reliability 



















RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


Input High Voltage 


Input Low Voltage 
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HY234100 512KX8/256K X 16-Bit MASK ROM 





seein 3 


TRUTH TABLE 

















Output Disable 
Read 


NOTE: 1. X=LorH 


DC CHARACTERISTICS 
(Vec=5V+ 10%, Ta=0°C to 70°C) 





























































ee ce s o ues 
SYMBO oe 
[ | Tur | Input Leakage Current Vin=0 to Voc pA 
| Ito] Output Leakage Current Voutr=0 to Vcc - 10 pA 
. f=6.7MHz, CS=OE=Vi 
eas - 50 mA 
. oUT= open 
erating Current <= —s 
we ° . f=1MHz,.CS=OE=Vi, 
_ 20 mA 
All Dour=open ‘i 
Standby Current (TTL) CS=Vin, All Dour=open — 2 mA 
Standby Current (CMOS) CS=Vcc, All Doutr=open aaa | 100 ‘pA 
Output High Voltage lon=—1mA 2 | Vv 
Output Low Voltage lot=2.1mA | | 04 vi | 














6-19 


HY234100 512KX8/256KX 16-Bit MASK ROM 





AC CHARACTERISTICS 
(Vec=S5V+t 10%, Ta=0°C to 70°C) 














tye | Read Gyele Time SSS S| 
Address Access Time | - | 150 | 
a ee 

E 

DH 


ies 









tacs Chip Select Access Time 
to Output Enable Time | - | 7 | 
t 10 


eo Data Hold Time 
tor Data Floating Time 















a 
= 
Es 
| to | 
[eee 











CAPACITANCE 


(Vec=5V+10%, Ts=0°C to 70°C, f=1 MHz) 
__| TEST CONDITION 






Input Capacitance 
Output Capacitance 
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HY234100 512K X8/256K X 16-Bit MASK ROM 





AC TEST CONDITIONS 














Input Pulse Level 0.6 to 2.4V 

Input rise/fall time 10ns 

Input reference level 0.8V and 2.0V 
Output load 1 TTL Gate and C,=100pr 





TIMING DIAGRAMS 


READ CYCLE 


App . 
A-1(*1) 
tre 


CE : ACTIVE Low tacs I tor 


CE : ACTIVE HIGH 
OE : ACTIVE LOW tor 


oEie | Pe peetorer 


—— Eat! 





x) VYVVY\ 
ae QM oe: { vaup pata } cere 0: ee SK vauoara VALID DATA 
Dg—Dy5(* 2) 
NOTES : 


(*1) Byte Mode only. A-1 is Least Significant Bit Address.(BHE=Vy,) 
(*2) Word Mode only. (BHE=Vyyq) 
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HY234100 512k 8/256K X 16-Bit MASK ROM 
1 IS eR ZS PRP ES ET PN 


PACKAGE INFORMATION 


¢ 40 PIN PLASTIC DUAL IN LINE PACKAGE— 600 MIL 


MAX 
UNIT : INCH(mm) —— 
MIN 





2.075(52.705) 
2.055(52.197) 





0.600 BSC 
(15.240) 


<«——. 0.550(13.970) __ 
0.530( 13.462) 


0.025(0.635) 






— 
<— 
—rH*— 0.040(1.016) 





— 


) 
200) 


(3.683) 
: 








0.145 


¥ 





0.062( 1.575) —_ ; 5 >! 
0.050( 1.270) 0.015(0.381) (2 540) 






a 0.095(2.413) —_ 
0.075(1.905) 


— 






0.155(3.937) 


0.185(4.699) 
0.165(4.191) 





f 

2 

5 
0.140(3.556) 
0.120(3.048) 
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Py 


Rae 
Pit 


OU BME ae oe 
Ravi ty tL 


amin 
IE 
ere 


 HY93C46 cereessescteseateateresesreneenseneeseenseascacenssneeses 


- HY93C46 Application NOte srrtesstesteesseeeeeeseenenteeenees 


SALES OFFICES 








——, = SSS SSS 


. SKoO 








M311201B-APR91 


DESCRIPTION FEATURES 
The HY93C46 is a 1,024bit non-volatile mem- * CMOS Technology 
ory organized as 64 registers of 16 bits each. * Low cost 
Data can be written into or read out serially by = — * TTL compatible 
most microprocessors or microcontrollers. * 5V only erase and write(5V + 10%) 
‘Data is stored in a floating-gate cell with long * 64X 16 serial read/write memory 
data retention capability until updated by an * Simple interfacing 
erase or write cycle. The HY93C46 has been * Low standby power 
designed for applications requiring up to ten * Reliable floating-gate technology 
thousand erase/write cycles per register. Fabri- ° Self-timed programming cycle 
cated using advanced CMOS EEPROM tech- * Device status signal 
nology, the HY93C46 offers very low power con- * Compatible with NMC9346/COP495 
sumption. A standby mode is provided by chip * Long data retention (10 years) 
select input (CS) to further reduce the power * 8 pin 300 mil P-DIP and 150 mil SOP 
consumption by over 80%. 
And to satisfy our customer’s requirement, PIN CONNECTIONS 


SO package is avaliable. 


BLOCK DIAGRAM 





DIP SOP 





PIN DESCRIPTION 


SK | Serial Clock ; External user clock shifts data into 
— or out of the HY93C46. | 
CS | Chip Select ; Enables internal logic when high. Not 


CS must be brought low between instruction. 








ADDRESS 
BUFFERS 











ile) 









DATA 


REGISTER Serial Data In : Data bits and instructions are 


shifted in through this pin under control of SK 
and CS. 

Serial Data Out ; Data is shifted out from this pin 
under SK and CS control. DO is active during data 
output(READ) or while checking status (See 
WRITE/ERASE Cycles). It is in high impedance 
state at all other periods. 

Vcc | Power Supply(+5V) 
GND} Ground 

NC | No Connection 























INSTRUCTION 
DECODER 
CONTROL 
{| AND CLOCK 
>| GENERATOR 



































CS o- 
























HY93C46 64X 16-Bit CMOS SERIAL EEPROM 












ABSOLUTE MAXIMUM RATINGS‘ 


eee 
toads : 


Voltage on Any Pin Relative to GN 
Ambient Operating Temperature 














ae 
‘ c. e 


—0.3 to 6.5 Vv 


NOTE : 

1. Exceeding these ratings could cause permanent damage to the device. These are stress ratings only and functional operation of this device at these or any 
other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC CHARACTERISTICS 
(T,=0C to 70°C, Vec=5V+10%, unless otherwise specified) 







-Sympol | —__s PARAMETER =| CONDITIONS. | 
Vec=5.5V, CS=Vin, SK= Vin 














Operating Current 
(Program and ERAL modes) 
Standby Current 

TTL Levels 





Icc 











a 


IccsBi 







Vec=5.5V, CS=Vit, SK= Vin, 
DI=Vn, Vin=2.4V, Vi_=0.8V 
Vec=5.5V, CS=Vn, SK=Vin, 
DI=Vit, Vin=5.2V, Vi_=0.3V 




















Iccsp2 








Input Voltage Low. 
Input Voltage High 
Output Voltage Low IoL=2.1mMA 

Output Voltage High Ion= —0.4mA 


Input Leakage Current Vin=GND to Vcc 
Output Leakage Current Vout=GND to Vcc, CS=0V 


AC CHARACTERISTICS 
(Tra=0C to 70 C, Vec=5V+10%) 
































“SYMBOL | ———« PARAMETE 
fsx . Serial Clock Frequenic 
tskH | Clock High Time 2) 

|| Clock Low Time® 

Chip Select High to 

Me Clock High Delay 

Serial Clock Low to 

Chip Select Low Delay 


| tow | Data Setup Timewrime) | fs 
| tom | Data Hold Time(wriTe) =| Ps 


Serial Clock to Output VoL=0.8V, Vou=2.0V, C_L=100PF 


Mie NF 


























































OT OT eiay Vit =0.45V, Vin=2.4V - 

teyw Self-Timed Program Cycle 10 ms 

tcs | Min. CS Low Time® 1 us 
7 tsy CS High to Status Valid Delay C_=100pF 1 Ls 

tou, tin | Falling Edge of CS to DO High-z 400 ng 
NOTES : : 


2. The SK frequency spec. specifies a minmum SK clock period of 4 us, therfore in an SK clock cycle tgx}1+tsK_ must be greater than or equal to 4 us. 
eg, if tsk, = lus then the minimum tgxy{=3us in order to meet the SK frequency specification. 2 
3. CS must be brought low.for a minimum of lus (tcg) between consecutive instruction cycles. 
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HY93C46 64X16-Bit CMOS SERIAL EEPROM 





INSTRUCTION SET FOR HY93C46 






























WRITE 1 0 


11xxxx 







READ 1 10 _ | As, Aa, A3, Ay, Ay, Ao | Read Register As, Ag, A3, Az, Ay, Ao 


As, Ag, A3, Az, Ar, Ao | Dis-Do 


1 
ERASE 1 11 . As, Ag, A3, Az, Ay, Ao Erase Register As, Ay, A3, Az, Ay, Ao 










Write Register As, Ay, A3, Az, Ai, Ao 






Erase/Write Enable 




















O00xxxx — Erase/Write Disable 
10xxxx Erase All Registers 
The Olxxxx a D,5-Do Write All Registers 











FUNCTIONAL DESCRIPTION 


The HY93C46 is a small peripheral memory 
intended for use in applications which require 
non-volatile storage of data. The HY93C46 is 
organized as 64 registers of 16 bits. Seven 9-bit 
instructions control the read, write and erase 
operations of the device. The HY93C46 oper- 
ates on 5V(+ 10% )supply. The high voltage re- 
quired for programming is generated by an on- 
chip circuit which is enabled only during the 
write, erase, and chip erase modes to prevent 
spurious programming during other modes. 
The data out(DO) pin is also used as the status 
pin during self-timed programming cycles to 
indicate the ready/busy status of the device. All 
operations of the HY93C46 begin with the load- 
ing of an instruction to the device. Each of the 
7 instructions has a logical “1” as a start bit, two 
op code bits followed by 6 bits of address.(See 
instruction set table for the HY93C46) 


READ 

After a read instruction is received, the data 
stored in the register specified by the address 
fields of the read instruction is transferred to 
a 16-bit serial shift register. Data can be shifted 
out through the DO pin by applying the clock 
pulses to the Serial Clock (SK) input. Note that 
a dummy bit(logical“0”) precedes the 16-bit 
data output string. The data at the Data Out pin 
changes on the low to high transition of the 
serial clock. 


ERASE/WRITE ENABLE AND DISABLE 

On power-up, the HY93C46 is set to the pro- 
gramming disable state. In order to program the 
device, it must be set to the programming en- 
able state by executing an EWEN instruction. 
After data is written into the device, an EWDS 
instruction may be executed to prevent acci- 
dental programming of the HY93C46. The 
read instruction, however, is independent of the 
device’s programming state. 


ERASE“ 

The registers in the HY93C46 must be erased 
(all bits set to logical “1”) before new data can 
be written into the registers. After the erase in- 
struction is loaded into the HY93C46, Chip 
Select(CS) must be pulled low. The falling edge 
of this signal initiates the self-timed program- 
ming cycle. If CS is brought high after a time 
equal to tcs, the DO pin will indicate the 
ready/busy status of the device. The DO pin 
will remain low as long as the HY93C46 is still 
in the programming mode, and the return of 
this signal to logical “1” indicates the device is 
now ready for the next instruction. The register 
erase instruction (ERASE) will erase the data 
in the register that is addressed by the address 
field of the instruction. Chip Erase instruction 
(ERAL) will cause all registers in the device 
to be erased. 
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HY93C46 64X16-Bit CMOS SERIAL EEPROM 


WRITE” 

After a write instruction is loaded into the 
HY93C46 16 bits of data must also be loaded 
into the device. After the last bit of data is load- 
ed, Chip Select (CS) must be brought low be- 
fore the next rising edge of the serial clock. The 
high to low transition of CS will initiate a pro- 
gramming cycle to the register whose address 


NOTES : 


was specified in the write instruction. If CS is 
again allowed to return to logical “1” after tcs, 
DO can be examined for the ready/busy status 
of the device. Note that the register to be written 
into must have its data previously erased. The 
chip write instruction (WRAL) is normally — 
used only by the manufacturer to guarantee 
write/erase endurance of the chip during test. 


4. During a programming mode(write, erase, chip erase, chip write), SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the selftimed programming cycle and starus check. 


AC TEST CONDITIONS 






“Input | Pulse Levels 


ene Measurement Levels : Input 
Output 






TIMING DIAGRAMS 
SYNCHRONOUS DATA TIMING 


pte 


SK [ied tage =i 





* This is the minimum SK period. 
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Output Load See am 1 








OAV to 24V 


EQUIVALENT 
AC. TEST CIRCUIT 


Figure 1 





S-L 





es ia tH 


ace OE). 












1 fe) 
DI 
— | [<a thH 
DO BUSY READY HIGH-Z = 
EWEN/EWDS 


« FLU WLLL L ALAA AALS 
cs / \ STANDBY 
Dl . —ee=eeee_=_=_=_eeeeeeee_eeeeeee_eeeeee 


ENABLE = 11 
DISABLL=00 


WO'daAA TVIMAS SOW) 14-91 X69 9POE6AH 


9-L 


DO 





CHEE 


WOdddd TVIAAS SOW) Ha-9E X~9 =9POE6AH 


HY93C46 64X16-Bit CMOS SERIAL EEPROM 





PACKAGE INFORMATION 


¢ 8 PIN PLASTIC DUAL IN LINE PACKAGE—300 MIL 





‘ MAX 
UNIT : INCH(mm) an 
|_____0.300 BSC 
0.385(9.779) (7.620) 
0.365(9.271) : «___—_ 0.260(6.604)___, 
0.240(6.096) 





“— MIN 0.025(0.635) * 


0.135(3.429) 
0.125(3.175) 









ec 





0.050(1.270)_. 
0.030(0.762) 





0.140(3.556) 
0.120(3.048) 


0.065(1.650) 

0.050(1.270) carta ae 
0.021(0.533) 
0.015(0.381) 


¢ 8 PIN SMALL OUTLINE PACKAGE— 150 MIL 




















AAS MIN 
8 3 is g 
g Qr BS 
-— oF TS Se 
oo 8 
N 
88 38 
as oo 
ae 0.0192(0.4877) 0.0160(0.4064) 
; 0.0138(0.3505) 0.0100(0.2540) 
aeN > | <-————— 
xg 
NN Ain 
ms 39 
oo 22 
: 8. 435 
o 8 | t t 4) 2 
O.1 pened 39 Ansicc eso} 8 5 
“——~ 0,1880(4.7752)" | Qo J 2 
a x 8 0.0160(0.4064) ae 
2s 
ao 
f°?) 
g8 
oo 
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~ HY93C46_ 


APPLICATION NOTE 





DESCRIPTION 


~ HYUNDAI's HY93C46 serial EEPROM 
provides a practical solution to a number of 
typical problems encountered in some micro- 
processor applications. These problems include 
; the loss of data during a power shut-down, the 
absence of external address and data buses, the 
need for additional batteries and the meeting 
of special power on/off requirements. 
Typical byte wide EEPROMS require a sep- 
arate address bus and data bus to interface with 
a MPU. Most single-chip microcomputers 
have no external data or address bus, and often 
require non-volatile storage of data in the event 
of a power shut-down, whether planned or un- 
planned. One solution is to employ a single chip 
microcomputer with a power down standby 
mode for its on-chip RAM. However, this solu- 
tion requries an additional battery and is inher- 


Figure 1. Functional Block Diagram 





Dt! | INSTRUCTION 
REGISTER 
INSTRUCTION 
DECODER 
Vep 
GENERATOR 












6 ADDRESS BITS 


M311801B-APR91 


ently low inreliability and longevity, and has 
special power on/off requirements. 

_ The HY93C46 is a 1,024-bit electrically eras- 
able PROM with 64-registers of 16-bits. Be- 
cause data is written in or read out from the 
device serially, no address bus or data bus is 
required — resulting in a low pin count package 
(8 pin DIP), and easy interface with any micro- 
processor-based system via I/O ports of a MPU. 

The HY93C46 is fabricated in floating-gate 

CMOS EEPROM technology for very low 
power consumption between 33%—50% of 
typical. NMOS devices. Deselecting the device 
will further reduce power consumption more 
than 80%, about 10% of NMOS standby 
current. The HY93C46 operates on 5V+10% 
power supply. High voltage required for 
programming is generated on-chip and 
controlled by internal logic. 


-_ DATA REGISTER © DO 


t 


EEPROM 
64x16 
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HY93C46 APPLICATION NOTE 


PIN DESCRIPTIONS 


SK-Serial clock : Clock generated externally 
by user for shifting data into 
or out of the HY93C46 

CS-Chip select : When high enables the inter- 

nal logic of the device. Note 

that CS must be brought low 
between instructions. 

Serial data a input; instruct- 

ions and data bits shift in 

from this pin under the con- 
trol of SK and CS. 

DO-Data out: Serial data output; data is 
shifted out from this pin un- 
der control of SK and CS. 
DO is also used to monitor. 
the ready/busy status of the 

’ device. DO is active only dur- 
ing data output or during 
the status checking period of 
WRITE/ERASE cycles. It is 
in high impedance state dur- 
ing all other periods. 


DI-Data in : 


FUNCTIONAL DESCRIPTION 


The HY93C46 has seven instructions, which 
are 9-bits in length(see instruction set table for 
the HY93C46). 

Each 9-bit instruction begins with a “1” as 
the start bit. The HY93C46 has 2 opcode bits 
and 6 address bits for READ, WRITE, and 
ERASE or it has 4 opcode bits(2 imbedded in 
the address field) for the remaining instructions 
(ERASE/WRITE enable and disable. ERASE 
/WRITE all Register.) The address bits become 
dont’t cares for these four instructions. On 
power-up, the HY93C46 is set to the program- 
ming disable state. This protects the device from 
accidental ERASE or WRITE during system power- 
up. To execute a WRITE or ERASE instruction, 
an EWEN(erase/write enable) instruction must 
be executed first. After data is written into the de- 
vice, an EWDS instruction may be executed to 
disable the erase/write logic and prevent acciden- 


tal programming. 


READ 

To read data out of the HY93C46, first shift 
in the 9-bit instruction. The address of the de- 
sired memory location is encoded in the address 
field of the read instruction. Note that the chip 
select pin(CS) must be brought low for a mini- 
mum of ius between consecutive instruction 
cycles to synchronize the internal logic of the 
device. To reduce the possibility of accidental 
programming, execute an EWDS instruction 
after each write operation and deselect the de- 
vice(CS low) after each operation. Note further 
that data placed on the DI pin must be stable 
and satisfy the data setup time for the device 
(400ns), before the low-to-high transition of the 
serial clock (SK) input. 

After the last address bit is shifted into the 
HY93C46, data from the memory location will 
be transferred to the data shift register and will 
be ready to be shifted out under the control of 
the shift clock(SK). A dummy “0” bit always 
preceeds the 16-bit output data. This dummy 
bit will be placed on the DO pin after the low- 
to-high transition of SK input for the last bit of 
the instruction and should be ignored. Start 
reading the first data bit that is shifted out after 
the next low-to-high transition of SK(see Figure 
2): 


ERASE 

When the HY93C46 is erased, memory bits 
are set to logic “1” (i.e., reading an earsed mem- 
ory location will get 16 ones). To erase a mem- ° 
ory location, shift in the ERASE instruction 
with the address field set to the desired memory 
location address. After the last address bit is 
shifted in, drop CS to start the self-timed eras- 
ing cycle. In order to verify completion of the 
ERASE operation, raise CS again after tcs(1us 
min.). The DO pin will output the device status. 
A low level indicates the device is busy. After 
approximately 10ms, the DO pin will change 
from a low level to a high level, indication the 
device has completed the ERASE cycle. CS 
should then be set to a low level, ready for load- 
ing of the next instruction. The sequence for 
erasing a Memory is as -follows, assuming 


2 


HY93C46 APPLICATION NOTE 
(a GR EH I I OD a I I a A LO 


5. Monitor DO pin;a change from low to high in- 
dicates the ERASE cycle is completed. 

The “erase all” (ERAL) instruction is executed 
in the same manners as “erase register” (ERASE), 
except that the address bits of the instruction are 
don’t care. Note that 9 bits are still needed to shift 
into the HY93C46 for those instrucations which 
have a don’t care address field. 


the erase/write enable instruction 

(EWEN) has been executed : 

1. Set CS high(assuming CS is low when not 
accessing the HY93C46.) 

2. Shift in ERASE instruction with the correct 
address. 

3. Set CS low. 

4. Set CS high, after minimum of Ips. 


INSTRUCTION SET FOR eee 





RE 







hype "ADDRESS. | DATA 





As, Aw An An Aw Ao _| AD Register As, Ay Ax Ax At, Ao _| 












































10 
|__WRITE 01 As, Aa As, A, At, Ag 4 DisDo | WRITE Register As, Aa As, Ax, At, Ao 

ERASE 11 — As, Au A Aa, At, Ao ERASE Register As, Ay, Az, Az, Ai, Ao 
| EWEN 00 : fice i ERASE/WRITE Enable 

EWDS 00 O0xxxx a __|_ERASE/WRITE Disable | 
ERAL 00 if 10xxxx Erase All Registers 

WRAL 00 Gisecy | DisDo | Write All Registers | 
WRITE Figure 2. Read Operation Timing 


After the 9-bit write instruction is shifted in, 
an additional 16 bits of data to be stored must 
be shifted in. After the last bit of data is loaded, 
chip select(CS) should be set low to initiate the 
WRITE cycle. The internal programming vol- 
tage generator will be turned on, and the pro- 
gramming will be finished in about 10ms. The 
ready/busy status of the HY93C46 can be read 
similar to the erase operation — through the DO 
pin, by returning the CS pin to high after the 
WRITE cycle is started. 

The sequence for writing 16 bits of data into 
the HY93C46 can be summarized as follows, 
assuming that erase/write(EWEN) is already 
enabled : 

1. Set CS high to-enable the device. 

2. Shift in the WRITE instruction with the ad- 
dress of the memory location to be modified. 

3. Shift in the 16-bit data to be stored in that 
location. 


DON’T CARE 











1. SK does not have to be symmetrical or regular, as long as it satisties the data 
sheet limits. 

2. After the last bit of instruction is shifted in, logic level at the D1 pin will not affect 
intemal operation. 

3. Data(not the instructions) can be shifted into the HY93C46 MSB first or into LSB 
first;data shifted out from DO will be in the same order. 


4. Set CS low to initiate the WRITE cycle. 
5. Set CS high again after lus or more, to moni- 
tor the ready/busy status. 
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6. Monitor DO pin;a change from low to high 
indicates the write cycle is completed. 


The “write all” instruction(WRAL) is similar 
to the WRITE instruction, except that the ad- 
dress field of the instruction is ignored, and the 
16-bit data that follows the instruction will be 
written to all memory locations. Note that.a lo- 
cation should be erased before new data can 
be written in. Erasing is recommended before 
writing to a previously written memory loca- 
tion, but it is possible to change data. Writing 
is a uni-directional operation;bits that are 1 
may be changed to 0 only. For example, if an 
address contains FFFO(hex), then bits 15 to 4 
may to changed. Data FFFO could be writen 
as FF70, FF30, FF10, and FF900 sequen- 
tially, without intervening erasures. Note that all 
16 bits must be specified at each write, even if 
the data remains the same. 


POWER REQUIREMENTS 
_ The on-chip programming voltage generator 
is only turned on during WRITE or ERASE 
instructions. During these periods, the oper- 
ation current will increase to a few milliamperes. 
The HY93C46 will consume much less pow- 
er when executing an instruction that does 
not require programming voltage—and even 
lower power consumption when the device is 


deselected. We recommend that a decoupling 


capacitor of 0.1uF or higher be placed between 
Vcc and GND near the device. 


INTERFACING EXAMPLE 

The HY93C46 can interface with most micro 
processor systems with only four connections 
in addition to power and ground. The following 
illustrated the connections to the 6500/1, 8051, 
and 6805 microcontrollers, and the 6522, 8255 
peripheral I/O ports. 
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Figure 3. Interfacing with 6500/1 


OTHER W/O 6500/1 


AND 
CONTROL 
SIGNALS 


OTHER I/O 
AND 
FUNCTIONS 


REGISTER 
SELECT 


Figure 7. Interfacing with 8255 
(mode 0, control word 2) 









CONTROL 
AND 
ADDRESS 


€I-L 


\ 
fe) 
A 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


HY¥18CV8—-25 


WONHVUSBWNrYO 


74LS245 


vec 
fi 





74LS125 
U6A 


USB 
74LS12S 


74LS74 


APPLICATION ENGINEER —- H.S. CHO 
Title 
HY93C46 EVALURTION B/D ON IBM PC COMPATIBLE 
Size |Document Number REV 
AE-89-01-M3121001 c 
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-HY93C46 APPLICATION NOTE 


ADDRESS DECODER EQUATION SOURCE FILE FOR ABEL™ 3.0 


module decodel 


title 'Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 


Dec. 13,1989 


This address decod 


ul 


a0,a1,a2,a3,a4 
a5,a6,a7,a8,a9 
aen 

ior 

iow 

dec374 

dec74 


decl25 
dec245 


Bia O erty fare 


he 
f@] 

re) 

Q 
Qu 
Weoil 


equations 


!dec374- 
'dec74 
!'dec125 
'dec245 


ou Wit 


(ioadd 
(ioadd 
(ioadd 
(ioadd 


er logic implemented to HY18CV8 of the HEI EEPLD. 


device 'pl8cvs8'; 


pin 
pin 
pin 
pin 
pin 


pin 
pin 
pin 
pin 


toto ou 


test_vectors 'Test 


[a9,a8,a7,a6,a5,a4,a3,a2,al1,a0]; 


“h300) & !aen ; 
“*h300) & !aen; 
“h301) & !aen; 
“h300) # (ioadd == *h301) & !aen & !ior; 


address decoder ' 


aen,ioadd,ior,iow] -> [dec374,dec74,dec125,dec245]) 


Cf 

[1 .*n300, h, h]->f 1 
[l.*h30l,h,h]->[{ h .h | 1 . hj; 
[1,*h301,1,h]->[{ h ,h , 1 , 1 }: 


end _decodel 
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HY93C46 APPLICATION NOTE 


ADDRESS DECODER DOCUMENT FILE 


ABEL(tm) 3.00a - Document Generator 

Address Decoder for HY93C46 Evaluation Board 

Design by H.S.Cho - HEI Application Engineer 

Dec. 13,1989 

This address decoder logic implemented to HY18CV8 of the HEI EEPLD. 
Equations for Module _decodel 


Device ul 


- Reduced Equations: 


dec374 = !(!a0 & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !'a7 & AB & AD & 
'aen); 

dec74 = !(!a0 & !al & !a2 & !a3 & !a4 & !'a5 & !a6 & !a7 & AB & AD & 
'aen); 

dec125 = !(a0 & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !a7 & AB & AD & 
faen); 

dec245 = !(a0 & !al & !a2 & !a3 & !a4 & !a5 & !a6 & !a7 & AB & AD & 


!aen & -!ior 
# !aO & !al & !a2 & !a3 & !a4 & !a5 & '!a6 & !a7 & AB & AY); 
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ABEL(tm) 3.00a - Document Generator 

Address Decoder for HY93C46 Evaluation Board 

Design by H.S.Cho - HEI Application Engineer 

Dec. 13,1989 

This address decoder logic implemented to HY18CV8 of the HEI EEPLD. 
Chip diagram for Module _decodel 


Device ul 


P18CV8 

nap -~+- ‘ , ee 
| \ ui | 
| O yseitee | 

ao | 1 20 | Vcc 
| | 

al {| 2 19. | dec374 
| | 

a2 [| 3 18 | dec74 
| | 

a3 | 4 17 =| deci2s5 
| | 

a4 {| 5 16 | dec245 
| | 

a5 | 6 15 | 
| | 

a6 | 7 14 | iow 
| | 

a7 | 8 1:3: “|: fer 
| | 

a8 | 9 12 | aen 
| | 

GND | 10 11 | a9 

| | 
| | 


end of module _decodel 
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ADDRESS DECODER JEDEC FILE 


ABEL(tm) 3.00a FutureNet Div, Data I/O Corp. JEDEC file for: P18CVv8 
Created on: 
Address Decoder for HY93C46 Evaluation Board 
Design by H.S.Cho - HEI Application Engineer 
Dec. 13,1989 

This address decoder logic implemented to HY18CV8 of the HEI EEPLD.* 
QOP20* QOF2696* QV4* 

LOO00O0 
100110111011101110111011101110110110 
0ODDDNNDDNNNDNDNNNNNN0N000000000000000 
OdDDDDDDDDNDNDOCNNNNNDNNNDNNNN00N00N00000N0000 
000000000000000000000000000000000000 
OODDDDDNDDNNDNNNNNNDNNNDN00000000000000 
ODDDDDNDDNDNNDNNNDNNDNNDN0NN00000000000 
Od00DDDDNDDNNDNNNNNNNNN00D00000000000000 
- 000000000000000000000000000000000000 
100110111011101110111011101110110110 
ODDDDDDNDNDNDNDNNNNDNNNNDDN0NNN0N00000000 
OODDDDDNDDNNNNNNDNNDNNDNNN0NDND00000000000 
ODDDDNDDNNNDNDNNNNNNNND0000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
010110111011101110111011101110110110 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
OODDDDDNDDNDDNDNDDNNNDNDDNDN0NDND0N000000000 
010110111011101110111011101110100110 
100110111011101110111011101110110111 
000000000000000000000000000000000000 
CODDDDDNDDONNNONDONDNNDNDD000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
CODDDDDODNDDNONNNNDNDNDNNNDNNN000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
-000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000: 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
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000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
ODDDDDNDNNNNONNNNNDNNNNDNND000N0000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
00D0DDDD0N0DNDDNNDNDNNDDDNNDNNN0N0N000000000 
000000000000000000000000000000000000 
000000000000000000000000000000000000 
111111111111111111111111111111111111 
111111111111111111111111111111111111 
111111111111111111111111111111111111 
111111111111111111111111111111111111 
000000000000000000000000000000000000 
0DDDDDNDDDNDNDNONDNDNDNNDNNDNNDNNDNN0NNNNNNN 
000000000000000000000000000000000000 
dOdDNDDDNDNNNDNDNNNNNNNNNNNNNNNDNNNN0NNNN0N 
0DDDDDDDNNNDDND0D0N00N000GN0000000000000 
ODDDDDNDDNDDNDNNDNNNNNNDNNNNNDNN0N0N00000000* 
L2664 

1011 

1011 

1011 

1011 

0000 

0000 

0011 

0011* 

N Test address decoder * 

V0001 000000001N1011XLHLLN* 

Vv0Q002 100000001N1011XHLHHN* 

V0003 100000001N1001XLLHHN* 

C25E2* 

7A8B4 


FREE EVALUATION SOFTWARE 


A HY93C46 evaluation software (IBM PC compatible) is available now. The program can be used 
for reading data from, modifying the data basis on bit, writing data into the HY93C46. Also, it is useful 
for you to verify data endurance test from 1 to 65,535 cycles. All the instructions in this sheet can 
be applicable to the HY93C46. When you need this program, contact to your nearest HYUNDAI 
representatives or distributors, or Semiconductor Application Engineering in Semiconductor Marke- 


ting & Sales Division. 


* ABEL is trademark of DATA I/O Corporation 
¢ IBM is registered trademark of IBM Corporation 
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DESCRIPTION 


The HY18CV8 is a CMOS Electrically Eras- 
able Programmable Logic Device (EEPLD) 
that provides a high performance; low power, 
reprogrammable and architecturally flexible 
alternative to conventional programmable logic 
devices (PLDs). Designed in advanced CMOS 
EEPROM technology, the performance of the 
HY18CV8 rivals speed parameters of standard 
bipolar PLDs with a dramatic improvement in 
power consumption. The electrically erasable 


reprogrammable technology of the HY18CV8 


not only reduces development and field retrofit 
cost but enhances testability enabling HY UNDAI 
to ensure 100% field programmability and func- 
tion. Packaged in a cost effective “window-less” 
20 pin DIP, the flexible architecture of the 
HY18CV8 allows for replacement of standard 
SSI/MSI logic circuitry or pin-out compatible 
emulation of 20 pin bipolar PAL® devices and the 
Altera EP310/320. In addition, over a hundred 
new logic configurations, not possible with earlier 
generation PLDs, can be implemented. Primary 
development and programming support of the 
HY18CV8 is provided by popular third-party PC 
based development tools and stand-alone pro- 
grammers. 
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FEATURES 


¢ Advanced CMOS EEPROM Technology 
¢ Low Power Consumption 
-CMOS : 20mA Standby +0.7mA/MHz max. 
- TTL : 25mA Standby +0.7mA/MHz max. 
* High Performance 
-tpp 25ns max., tco 18ns max., tsc 20ns min. 
¢ Reprogrammability 
- 100% factory tested 
- Cost effective “window-less” package 
-3 second erase/program time 
- Adds convenience, reduces field retrofit and 
development cost 
* Design Security 
- Prevents unauthorized reading or copying of 
design 
* Architectural Flexibility 
- 74 Product Term X36 Input Arrays 
- Up to 18 inputs and 8 I/O pins 
- Independently configurable I/O macro cell ; 
polarity, register, combinatorial, bi-directional 
- Synchronous preset, asynchronous clear 
- Independent output enables 
* Application Versatility 
- Replaces SSI/MSI logic 
- Emulates bipolar PAL® devices and the Altera 
EP300/310 
- Replaces low density Gate Arrays 
- Simplifies inventory control 
- Allows new design possibilities 
* Development/Programmer Support 
- Popular PC based development tools and 
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SP =Synchronous Preset 
AC=Asynchronous Clear 
OE = Output Enable 


Figure 1. 






PAL* is a registered trademark of Advanced Micro Device, Inc. 





HY18CV8 CMOS EEPLD 





Figure 2. HY18CV8 Logic Array Diagram 
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ARCHITECTURAL OVERVIEW 


The basic architecture of the HY18CV8 is sim- _ 


ilar to of earlier generation PLDs to the extent 
that utilizes a sum-of-products logic array in a 
programmable AND fixed OR structure. This 
familiar logic arrangement allows user defined 
output functions to be created by programming 
the connection of input signals into the array. 
What makes the architecture of the HY18CV8 
different, however, is the increased capability 
and flexibility it provides in a higher level of 
equivalent gate integration and a simplification 
of design. 


The block diagram in figure 1. illustrates the 
key elements of the HY18CV8 architecture. 
Externally, the HY18CV8 provides up to 18 in- 
puts and 8 outputs for use. At the core is a pro- 
grammable electrically erasable “AND array” of 
36 input lines by 74 product terms. The 36 input 
lines are derived from the true and complement 
of the 18 possible input pins. The 74 produc: 
terms are made up of: 1 synchronous preset 
term, 1 asynchronous clear term, 8 output en- 
able terms and 64 terms divided into groups of 
8 each feeding into an OR function. 


Each OR function is directly associated with 
one of eight macro cells and I/O pins. An indi- 
vidual macro cell can be programmed into one 
of twelve different configurations. Depending 


Figure 3. Logic Function Implementation in HY18CV8 Array 








Product term with 
both true and 
complement of 
one or more inputs 
connected, forces 


logical false(O) x 


on the configuration, the output of the macro 
cell can be fed back into the array or output 
via its associated I/O pin. The configurations 
include various arrangements for bi-directional 
1/O, registered or combinatorial feedback, reg- 
istered or combinatorial output and output po- 
larity control. The output enable term of each 
1/O pin can be used to force a high impedance 
state for bidirectional I/O operations or for ded- 
icated input usage. The synchronous preset 
term, asynchronous clear term and clock (pin 
1. INPUT/CLK) are globally routed to all 
macro cells. 


LOGIC ARRAY OPERATION 


A more detailed view of the overall architec- 
ture, specifically the logic array, is illustrated 
by the HY18CV8 Logic Array Diagram in 
figure 2. As referred to previously, the logic 
array of the HY18CV8 consists of 3 


36 Input Lines : 
10 true and complement inputs 
8 true and complement inputs/feedbacks 


74 Product Terms : 
64 product terms (8X8 Sum-of-Products 
terms) 
8 output enable product terms 
1 synchronous preset term 
1 asynchronous clear term 


Product term with 
all inputs open, 
forces logical true(1) 
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Looking at the logic array diagram, the 36 in- 
put lines (0-35) run vertically and the 74 pro- 
duct terms (0-73) run horizontally. Each input 
line and product term intersection in the array 
has an associated programmable EEPROM 
memory cell that determines whether the inter- 


section is connected or open. A connection al-' 


lows an input line to become a logical input of 
the intersected product term (AND gate). Thus, 
each product term, although unlikely in a real 
application, truly equals a 36 input AND gate. 


During programming of the HY18CV8, all 
EEPROM memory cells are first erased, open- 
ing all input line and product term intersec- 
tions, specific intersections can then be selec- 
tively programmed for connection based on user 
defined logic functions. Figure 3 illustrates how 
a logic function, a 2 input exclusive NOR, is 
implemented in the HY18CV8 array. Note that 
if all true and complement inputs of product 
term are left open, the output of the AND gate 
will be a logical true (HIGH). If both true and 
complement of one or more inputs are connect- 
ed to a product term, the output of the AND 
gate is forced to a logical false(LOW). 


Figure 4. HY18CV8 Macro Cell Diagram 
CLK 
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As illustrated in figure 2, the logic array has 
64 product terms that are divided into groups 
of 8 each feeding into a sum (OR gate). By con- 
necting specific inputs or I/O macro cell feed- 
backs to the product terms, complex sum-of- 
products logic functions can be created. Each 
sum feeds into its associated I/O macro cell 
where the logic function can be further control- 
led for output to an I/O pin of feedback into 
the array. 


In addition to the 64 product terms of the 8 | 
sum-of-product groups, there are 8 output en- 
able product terms, 1 synchronous preset pro- 
duct term and 1 asynchronous clear produci 
term. These additional terms are used to direc- 
tly control specific I/O functions which are cov- 
ered in the following section. 


VO MACRO CELL AND 
OUTPUT ENABLE OPERATION 


A great amount of architectural flexibility is 
provided by the HY18CV8s reconfigurable I/O 
macro cells and independently controlled out- 
put endables. A closer look at the I/O macro 


OUTPUT 
SELECT 







SP=Synchronous Preset 
AC=Asynchronous Clear 
OE=Output Enable 
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cell, figure 4, shows that it consists of a D-type 
flip-flop and two signal select multiplexers. 


The D-type flip-flop operates similar to stand- 
ard TTL D flip-flops to the extent that the D 
input is latched on the rising edge (LOW to 
HIGH transition) of the CLK input and Q or 
Q output signals can be used. Two additional 
inputs are controlled by the asynchronous clear 
and synchronous preset terms. 


When the asynchronous clear product term 
is asserted (HIGH) the Q output will immedi- 
ately be set to a LOW regardless of the clock 
state. When the synchronous preset term is as- 
serted (HIGH) the Q output will be set to a 
HIGH on the following rising edge (LOW to 
HIGH transition) of the CLK input. Priority 
is given to the asynchronous clear signal if both 
asynchronous clear and synchronous preset 
have been asserted. Upon power-up, the 
asynchronous clear function is automatically 
performed setting the Q outputs of all macro 
cell flipflops to a LOW. 


The two signal select multiplexers of each 
macro ‘cell are controlled by four EEPROM 
programmable bits(A, B, C, and D) that deter- 
mine which of the twelve possible configurat- 
ions the macro cell will assume. This independ- 
ent flexibility allows a single HY18CV8 to 
implement a combination of configurations 
among its eight macro cells. The configurations 
include various arrangements for bi-directional 
1/O, registered or combinatorial feedback, reg- 
istered or combinatorial output and output po- 
larity control. The twelve possible I/O macro 
cell configurations are listed in Table 1, Their 
equivalent circuits are illustated in figure 5. 


Each of the 8 output enable terms can enable 
or disable the output of its associated I/O macro 
cell. When the output enable product term is 
a logical true (HIGH) the output signal is en- 
abled to the I/O pin. When it is a logical false 
(LOW) the I/O pin is in a high impedance 
state. The output enable product term allow in- 
dividual I/O pins to be input only or bi-direct- 
ional I/O. 


DESIGN SECURITY 


The HY18CV8 provides a special EEPROM 
security bit feature that prevents unauthorized 
reading or copying of designs implemented. 
The security bit feature is typically used after 
a design is finalized and ready for production. 
The actual setting of the security bit is done via 
the PLD programmer used. Once set, the verify 


(read) and program operation using a PLD 
programmer or other method will not be al- 


lowed until the entire device has first been erased. 


CMOS EEPROM TECHNOLOGY 


The performance and flexibility provided by 
the HY18CVS8 is primarily due to HYUNDAI’s 
advanced CMOS EEPROM technology of- 


_ fering low power, high speed and nonvolatile 


reprogrammability. Utilizing this technology 
along with special design techniques, the 
HY18CV8 maintains the low power 
characteristics of CMOS while achieving the 
speeds of standard bipolar PLDs. 


For HY18CV8 reprogrammability, Fowler 
Nordheim tunneling techniques are employed 
to trap charges onto a floating gate through a 
thin oxide insulator. The trapped charges re- 
main after power has been removed allowing 
nonvolatility of programmed data. The charges 


‘can be removed by electrically erasing the de- 


vice. Once fully eraged, it can then be reprogram- 
med into a new configuration. 


The HY18CV8 is designed for programming 
endurance of up to 1000 complete erase/repro- 
gram cycles with a data retention of 10 years, 
when used within the specified operating tem- 
perature range. This means that the HY18CV8 
can be reprogrammed up to 1000 times without 
degrading device operation, and similar to 
other non-volatile memory technologies, the 
data last programmed will remain valid for ten 
years. 


Althought implemented in EEPROM tech- 
nology, often associated with in-system repro- 
grammable memory devices, the HY18CV8 is; 
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programmed out-of-system via a PLD program- ‘functional integrity, cost effective “window- 
mer. There are several other beneficial rea- less” packaging and 3 second erase/reprogram 
sons, however, for using EEPROM techonlogy. time instead of approximately 20 minutes for 
Some of these benefits include ; enhanced fac- EPROM PLDs. 


tory testing allowing 100% programming and 


Figure 5. HY18CV8 Macro Cell Configuration Equivalent Circuits 
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Table 1. HYL18CV8 Macro Cell seca 

































































yy eer eT 
ro oe, PUL, K i ogh » OUTPUT SELECT 
sie Aca Pee ee 
ane 1 Register Active Low 
2 1 Active High 
Bi-Directionai I/O 
ae ee a ae ae ee Combinatorial | Active Low 
ee a [Active High 
5 1 1 I 1 0 Register Active Low 
ar 0 1 1 0 tei | Active High 
iz Combinatorial Feedback 
L 7 1 0 a 1 0 4 Combinatorial Active Low 
8 0 L 0 1 | 0 i sl Active High | 
9 1 ei 1 0 0 Register Active Low 
10 0 Jee 1 0 0 | : 
z Register Feedback 
11 1 | 0 0 0 Combinatorial Active Low 
[ 12 0 {_.0 0 A 0 iz Active High ! 






















Note : 0— programmed, 1— erased 


APPLICATIONS OF THE HY18CV8 


The versatility of the HY18CV8 makes it an 
effective alternative to conventional methods of 
logic design over a broad range of applications. 


SSI/MSI logic replacement, the HY18CV8 
enhances the design process with increased flex- 
ibility, higher performance, faster development 
time and design security. Manufacturing bene- 


fits are also realized by requiring fewer com- 
ponents and interconnects resulting in more 


efficient use of space, simplified inventory con- 
trol and higher reliability. 


Asabipolar PAL® replacement, the HY18CV8 
has comparable speed and offers several advan- 
_ tages including : enhanced design flexibility, 
simplified inventory control, reduced power 
consumption, reprogrammability, and 100% 
factory testability for function and program- 
ming. 


! 
1 


Table 2. 20 pin PAL® devices that can be emulated by the HY18CV8 





; -- e ee PART. NUMBER UMBER AND 1/0 CAPACITY 
Combinatorial — — High 12H6 1414 
Combinatorial— Low 1216 14L4 


Combinatorial — Polarity 
Registered— Low 
Registered — Polarity 





Design flexbility is of particular importance 
since the HY18CV8 not only emulates the ma- 
jorty of the 20 pin PAL” devices (see table 2) 
but also allows functions found among sev- 
eral PAL® device types to be combined. In ad- 


_ dition, completely new functions, not support- 


ed by the standard PAL® devices, can be im- 
plemented. This flexibility means a designer can 
focus on the design rather than on the restric- 
tions of a fixed architecture. Reprogrammabil- 
ity is also a key benefit over one time program- 
mable PAL®s. This feature adds convenience 
and cost savings in development prototyping 
and field retrofitting of systems. Converting 
existing PAL® designs to the HY18CV8 for 
plug-in replacement is easily accomplished 
using EEPLD evaluation or development tools. 


As a design alternative to low-density gate ar- 
rays, one or more HY18CV8s offer a cost effec- 
tive and low-risk option. With its architectural 





16H8 16HD8 
16L8 16LD8 
16P8 18P8 
16R4 16R6 16R8 
_16RP4 16RP6 16RP8 
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flexibility and equivalent gate density of approx- * Processor System Support 
imately 300 gates, designs traditionally employ- Address decoding 

ing low-density gate arrays can be implement- . Wait-state generation 

ed quickly at no factory development (NRE) Memory protection 

cost. Unlike the lead times encountered with Memory refresh 

gate arrays, the HY18CV8 is off-the-shelf avail- DMaA control 

able. Furthermore, if a design error is made or Interrupt control 

an upgrade is necessary, the changes can sim- Timer/counter functions 

ply be reprogrammed. Bus arbitation and interface 


| Error detecti d correcti 
Similar to SSI/MSI logic, PAL®s and low den- Dre renee 


sity gate arrays, applications of the HY18CV8 ¢ I/O Interface and Support 

cover all the primary areas of system design in- Intelligent I/O port 

cluding, data processing, communications, con- Data communication interface 
sumer, military and transportation. Specific Display interface 

functions implemented using the HY18CV8 Keyboard scanning 

range from basic logic and system support cir- Disk and tape drive control 
cuitry to stand alone controllers. Front panel interface 


S licati include : 
Ole APPHuSahons. decuee * Stand-Alone Non »P Based Controllers 


Motor control 

Sensor monitoring 
Security access control 
Display control 


¢ SSI/MSI Logic Replacement/Customization 
Random logic 
Decoders/encoders 
Comparators 
Multiplexers 
Counters 
Shift registers 


ABSOLUTE MAXIMUM RATINGS” 































| to | Output Current 


Tst 


Per Pin(Io., low) © +25 


—65 to 125 °C 
Soldering 10 second 300 °C 









Veco | Supply Vole ———~| Reaivew GND | -0sw 70 | v__| 
Voltage Applied to Input“ Relative to GND‘ —0.5 to 7.0 
Voltage Applied to Output Relative to GND 0.5 to 7.0 

eae 


Storage Temperature 








TL Lead Temperature 


OPERATING RANGES 
Se Eee ea aa 








Supply Voltage Commercial 





Operating Temperature 

Clock Rise Time See note 3 
Clock Fall Time See note 3 | 
‘Vcc Rise Time See note 3 
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DC ELECTRICAL CHARACTERISTICS 
(Over Operating Range Specifications) 













Ouput HIGH Votage | Vec=Min lon= ama | 24] 
Vor Output LOW Voltage Voc=Min, lo.=8mA ee eee 










(iit | Input Leakage Cuneat | Vec=Max, ONDEVacVeo | 
Htozt | Outpot Leakage Curent | VO=HighZ, GND<Vo<Veo | 


Isc Output Short Circuit Current | Vcc=Max, Vo=0.5V 
Iccsc Vcc Current, Active, CMOS | Vin=Vcc or GND“ 
Vcc Current, Active, CMOS | Vin=Voc or GND® 

. All outputs open 
Vin=Vin or Vin‘? 
Vin=Vit Or Vin, 

All outputs open“ 





























Iecsc+ 
0.7mA/MHz 
















Vcc Current, Standby, TTL 
Vcc Current, Active, TTL 
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CAPACITANCE” 


PARAMETER. O to 
Ta =28°C, f=1MHz, Vcc=5.0V 
Ta =25°C, f=1MHz, Vcc =5.0V 



























Input Capacitance 








Output Capacitance 








AC ELECTRICAL CHARACTERISTICS” 
(Over Operating Range) 










































foe P RAMETER 
tpp Input or feedback to non-registered output 
tog - Input to output enable 35 a ns 

| top Input to output disable 35 i‘ ns 
tco1 Clock to output 22 ns 
tco2 Clock to combinatorial output delay 50 ns 3 

via internal registered feedback 

tsc Input or feedback setup to clock ns 








Input“) hold after clock 


tet tew | Clock widthCLK low tine, CLK high ime [as | as Pas fs 

ee 
to registered output via internal path) 

ee ee ed 

Clock period(tsc+tco1) . 35 50 

Maximum clock frequency(1/tcp2) 28.5 Pn 20 | MHz 

Asynchronous clear pulse width 25 ns 

Input to asynchronous clear 30 35 40 ns 

el Gr eg ro ee 
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Asynchronous reset recovery time 
Power-on reset time for register in clear state.“ 5 5 Us 
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SWITCHING WAVEFORMS 


Inputs, I/O, 

Registered! 

ek Roe: Gee GaeomeeREaE 
Synchronous 


Preset 


Clock —_ = <i 
top) 
, ————— = acerca 
Asynchronous 
Reset 


Registered \\\\\ fal 
outa — 2 AE NA SRNR © hae xan 
+ trp toe | 

Combinatorial L\ \\ PIE LS 
yess a oH 


NOTES 

. Minimum DC input is —0.5V, however inputs may undershoot to —2.0V for peas s than 20ns. 

. Vy and Voare not specified for program/verify operation. : 

. Test points for Clock and Vcc in tr, tp, tcL, tcH, and tpESET are referenced at 10% and 90% levels. 

. I/O pins are open (no load). 

. “Input” refers to input pin signal. 

. LOE is measured from input transition to VpeF+ 0.1V, top is measured from input transition to Voy-0.1V or Vol +0.1V ; Vppp=1.90V for TTL interface for 
2.375V for CMOS interface. 

7. Capacitances are tested on a sample basis. 

8. Test conditions assume : signal transition times of Sns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise specified). 

9. Test one output at a time for a duration less than 1 second. 

0. Exposure to absolute maximum ratings over extended periods of time may affect device reliability. Exceeding absolute maximum ratings may cause permanent 

damage. 


Awmhwhrd = 


AC EQUIVALENT LOAD CIRCUIT 


TEST LOAD THEVENIN 


Ri 


Output 








CMOS INTERFACE = T 


“EMOS INTERFACE [7 TTL INTERFACE 
Rj = 4640 
R2 = 2502 


C= 30pF 
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PACKAGE INFORMATION 


¢ 20 PIN PLASTIC DUAL IN LINE PACKAGE—300 MIL 


: “MAX 
UNIT : INCH(mm) IN 





1.043(26.492) | 










1.023(25.984) 
0.300 BSC 
‘o +—— (7.620) —~ 
@ 
Ss + 0.270(6.858) > 
| Q 0.250(6.350) 
F tn, 2 ate, oO 
gg-— g 
Soh g 
#3 | 
oo 


| 
l 








) 
9.014(0356 
+} |-— 3° —11° | 0,008(0:200) 
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0.079(2.007) 0.062(1.575) 0.021 (0.533) 0.100 BSC 
0.059( 1.499) 0.050(1.270) 0.015(0.381) (2.540) 


0.140(3.556) 
0.120(3.048) 








MEMO 
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_ SUPPLIER 







HYUNDAI Electronics 
Industries. Co., Ltd. 
Korea(0336)30-2037 


Adams-MacDonald 
U.S.A. (408)373-3607 


Advantest 
Japan (03)342-7500 


Advin Systems 
U.S.A. (408)984-8600 


Ando 
Japan (03)733-1151 


Aval 
Japan (03)344-2001 


BP Microsystems 
U.S.A. (800)225-2102 


Data [“O 
U.S.A. (800)426-1045 


Digelec 
U.S.A. (800)367-8750 


Educe 
Japan (03)383-1361 


HiLo Systems Research 
R.O.C. (02)764-0215 


ICT 
U.S.A. (408)434-0678 


inlab 
U.S.A. (303)460-0103 


Kontron Electronics 
U.S.A. (800)227-8834 
Logic Devices 

U.S.A. (305)974-0975 


Minato Electronics 
Japan (045)591-5611 


R&D 
Japan (03)341-7741 














PROGRAMMER 


SMS Sprint Plus 
Promac Model 11 


R4971 Programmer 
Sailor-PAL 

AF-9740 Univ. Programmer 
PECKER 30 

AVAL-PLUS PKW-3100 


PLD 1100 


Unisite 40 
Model 29B 
Model 60A 
Model 60H 


Model 860 Programmer 
PEG-3 PLD Programmer 
ALL-01 Univ. Programmer 
PDS-1 

Model 28U 

MPP-80S Programmer 


EPP-80 Base Programmer 


ALLPRO Programmer 


.| GANGPRO-8 Programmer 


PALPRO-2X Programmer 


Model 1900 
Mode! 1890A 


SYNPLA IIIA 


V1.12 


V8.0 


V1.07 


V1.4 
Vvo2 
vii 

V12 


A13 


V1.20 
V11.02 
V2.1 
V2.1 
V1.44 


V5.2 
V5.2 











MODULE ADAPTER 


PM-1 Module 


Adapter A1 
Adapter A1 


LogicPak V04/303A-011A 
360A-001 
360A-001 


UPM/B 
UPM/B 


OU-193 
OU-901 


Module-2428 
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Stag Systems 



































PPZ Programmers ZM2200 
U.S.A. (408)988-1118 ; 
Structured Design $D1040 Programmer 
U.S.A. (408)988-0725 
Sunshine EXPRO-40 Programmer 
R.O.C. (02)763-3732 
System General SGUP-855 
R.O.C. (02)721-2613 
Varix SP0300 Programmer 
U.S.A. (214)437-0777 GD1140 Programmer 
‘ender XP80 Univ. Programmer Module XP8005 










R.O.C. (02)882-4488 XP6005 Labtool Programmer 





Zeus Computer UNIPRO 


Korea (02)784-7841 











Data 1/0 ABEL V2.1 
U.S.A. (800)247-5700 


ICT APEEL(PDS-1) V2.0 
USA. (408)434-0678 


Isdata GmbH _ | LOG ZC V3.2 
Germany 0721693092. 


Logical Devices -| CUPL V2.15 
U.S.A. (305)974-0975 
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Comprel Rep 


Viale Fulvio Testi, 115 Tel 


20092 Cinisello, Balsamo, Milan Fax : 


CANADA 


_ Tech Trek, Ltd.(Corporate Office) 
1015 Matheson Blvd., Unit 6 Tel 
Mississauga, Ontario Fax 
LAW 3A4 


Tech Trek, Ltd. 
148 Colonade Road, Unit 13 Tel 
Nepean, Ontario Fax 


K2E 7R4 
Tech Trek, Ltd. 


#220-226B #5 Road Tel 
Richmond, British Columbia Fax : 
V6X 2T1 

Tech Trek, Lid. 

2271 Guenette Street Tel 
St. Laurent, Quebec Fax : 
HAR 2E9 

Tech Trek, Ltd. 

375 Scenic Glen Place Tel 
Calgary, Alberta Fax : 
T3L 15 

MEXICO 


Sonika Electronics 

Calle Cien Fuegos No.651-A Tel 
Col. Linda Vista C.P. 07300 
Mexico, D.F. 


Sonika Electronics 

Ermita 1039-10 Col. Chapalita Tel 
Guadalajara 

Jal. Mexico CP 45042 


Fax : 


Fax : 


: 2-612-0641 


2-612-8158 


: 416-238-0366 
: 416-238-0319 


> 613-225-5161 
> 613-723-1426 


> 604-276-8735 
> 604-276-8465 


> 514-337-7540 


514-337-7544 


> 403-241-1719 


403-241-1719 


> 525-754-6480 


525-586-8443 


523-647-4250 


523-647-3433 


UNITED STATES OF AMERICA 
ALABAMA 


Elcom(Corporate Office) 
4960 Corporate Dr., Ste. 145K 
Huntsville, AL 35805 


ARIZONA 


Tel : 
Fax : 


205-830-4001 
205-830-4058 


Thom Luke Sales, Inc.(Corporate Office) 


9700 N, 9l1st., Ste. A200 Tel : 
Scottsdale, AZ 85258 Fax : 
CALIFORNIA 

Select Electronics 

14730 Beach Blvd., Ste. 106, Tel 
Bldg. F Fax 


La Mirada, CA 90638 


Focus Technical Sales 
1735 N, Ist Street Tel 
San Jose, CA 95101 


Webster Associates 
9198 Greenback Lane #214 Tel 
Orangevale, CA 95662 Fax 


Wiley Company 
10150 Sorrento Valley Rd., #203 Tel 
San. Diego, CA 92121 Fax 


COLORADO 


Thom Luke Sales 
9085 E, Mineral Circle, Ste, 240 Tel 


Englewood, CO 80112 Fax : 
CONNECTICUT 

Vista Associates 

2505 Main Street Tel 
Stratford, CT 06497 Fax 


Fax : 


602-451-5400 
602-451-0172 


: 714-739-8891 
: 714-739-1604 


: 408-436-2336 


408-436-2348 


> 916-989-0843 
> 916-989-284] 


: 619-453-9018 
: 619-453-1457 


> 303-649-9717 


303-649-9719 


> 203-375-5456 
> 203-375-6907 





REPRESENTATIVES 


FLORIDA 


EIR, Inc. 
1057 Maitland Center Commons Tel 
Maitland, FL 32751 Fax 


GEORGIA 


Elcom 
4045 Wetherburn Way, Ste. 5 Tel 


Norcross, GA 30092 Fax 
ILLINOIS 

Micro-Tax, Inc. 

2400 W, Central Rd. Tel 
Hoffman Estates, IL 60196 Fax 
INDIANA 

PTR 

370 Ridgepoint Drive Tel 
Carmel, IN 46032 Fax 


MARYLAND 


Third Wave Solutions, Inc. 
8335 H Guilford Road Tel 
Columbia, MD 21046 


MASSACHUSETTS 


Vista Associates(Corporate Office) 
237 Cedar Hill Street Tel 
PO Box 388 
Marlboro, MA 01752 


MICHIGAN 


PTR 
6898 Curtis Drive Tel 
Coloma, MI 49038 


Trilogy Marketing, Inc. 
1825 S. Woodward Ave., Ste. 170 Tel 
Bloomfield, MI 48302 


MINNESOTA 


PSI 

8000 Town Line Avenue South Tel 
Suite 206 , Fax 
Bloomington, MN 55438 


Fax : 


Fax : 


: 407-660-9600 
: 407-660-9091 


> 404-447-8200 
> 404-447-8340 


: 708-765-3000 
: 708-765-3010 


> 317-884-5222 
> 317-844-5861 


: 301-290-5990 
> 301-381-5846 


> 508-481-9277 


508-460-1869 


: 616-468-3303 
616-468-6511 


> 313-338-2470 
Fax : 


313-338-6720 


> 612-944-8545 
: 612-944-6249 


MISSOURI 


Hitec Central, Inc. 
803 Choctaw Tel 
Independence, MO 64056 


Hitec Central, Inc.(Corporate Office) 
3450 Bridgeland Drive, Ste.G Tel 
Bridgeton, MO 63044 


NEW JERSEY 


Terry Manton, Inc. 
18 W, Pamrapo Court Tel 
Glen Rock, NJ 07452 


NEW YORK 


Bob Dean, Inc. 

2415 North Triphammer Road Tel 
PO Box E 
Ithaca, NY 14850 


Component Consultants, Inc. 
1140 Motor Parkway Tel 
Hauppauge, NY 11788 


OHIO 


Dolfuss-Root & Company 
683 Miamisburg-Centerville Rd. Tel 


Ste 202 Fax 
Dayton, OH 45459 

Dolfuss-Root & Company 

950 Spring Grove Lane Tel : 
Worthington, OH 43085 Fax: 


Fax : 


> 816-796-6684 


816-796-6562 


: 314-291-5920 
Fax : 


314-291-5713 


> 201-447-8821 
: 201-670-4818 


> 607-257-1111 
> 607-257-3678 


> 516-273-5050 
> 516-273-5251 


: 513-433-6776 
> 513-433-7978 


614-885-4844 
614-846-1377 


Dolfuss-Root & Company(Corporate Office) 


24461 Detroit Road 
Westlake, OH 44145 


OKLAHOMA 


Comptech Sales, Inc. 
9810 E. 42nd St, Ste. 219 Tel 
Tulsa, OK 74146 


OREGON 


Quest Marketing, Inc. 
6700 S.W. 105th, Ste. 311P Tel 
Beaverton, OR 97005 


Tel : 
Fax : 


Fax : 


216-899-9370 
216-899-9606 


: 918-622-7744 
: 918-660-0340 


> 503-641-7377 


503-641-2899 


REPRESENTATIVES 


PENNSYLVANIA 

TCA, Inc. 

1570 McDaniel Drive Tel : 215-692-6853 
Westchester, PA 19380 Fax ! 215-692-6873 
TEXAS 

Comptech Sales, Inc. 

868 W. Price Road Tel = 512-542-7474 
Brownsville, TX 78520 Fax : 512-542-8254 


Comptech Sales, Inc. (Corporate Office) 
2401 Gateway Drive, Ste. 114 Tel = 214-751-1181 


Irving, TX 75063 Fax : 214-550-8113 
Comptech Sales, Inc. 

1721 Villa Santos Tel : 915-590-4590/1 
El Paso, TX 79935 Fax : 915-590-4577 


Comptech Sales, Inc. 
11130 Jollyville Rd., Ste, 200 Tel : 512-343-0300 
Austin, TX 78759 Fax : 512-345-2530 


Comptech Sales, Inc. 
15415 Katy Freeway, Ste. 209 Tel : 713-492-0005 


Houston, TX 77094 Fax + 713-492-6116 
WASHINGTON 

Quest Marketing, Inc.(Corporate Office) 

15921 NLE. 8th, Ste. 207 Tel : 206-747-9424 
Bellevue, WA 98008 Fax : 206-643-3488 
WISCONSIN 

Micro-Tax, Inc. 

22660 Broadway, #4A - Tel : 414-542-5352 
Waukesha, WI 53186 Fax : 414-542-7934 
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DISTRIBUTORS 


AUSTRIA HOLLANDS 
7 Bacher GmbH ' Marcotec B.V. 
Rotenmuehlgasse 26, A-1120 Tel : 01-813-5646 57 Innsbruckweg 3047 AG Tel : 10-462-5060 
Wien Fax : 01-83-4276 Rotterdam Fax : 10-462-7076 
CANADA — HONG KONG 
Memory Marketing Co. Components Agent Ltd. 
1015 Matheson Blvd., Unit 6 Tel : 416-238-0366 36F Metroplaza, Tower | Tel : 852-487-8826 
Mississauga, Ontario Fax : 416-238-0319 _ Hing Fong Road, Kwai Fax : 852-487-1268 
LAW 3A4 a Chung, HK 
Dodwell Engineering 
DE RK 7F Cavendish Centre Tel : 852-555-4633 
Nordisk Elektronik AS. es oes = Fax : 852-873-0625 
Transformervej 17, DK-2730 Tel : 42-84-2000 Parner enery tree 
. Herlev Fax : 44-92-1552 
, ITALY 
PRC Components 
Olandsvej 18, 8800 Tel : 86-62-3799 | Comprel S.P.A 
Viborg Fax : 86-62-1295 Viale Fulvio Testi, 115 Tel : 2-612-0641 
: 20092 Cinisello, Balsamo, Milan Fax : 2-612-8158 
FINLAND 
Fanton Components 
Oy Fintronic AB y eines Tel 51-73-5015 
Heikkilantie 2A, 02100 Tel: 0-692-6022 fe a a Bae oP 
Helsinki Fax : 0-682-1251 Poloena 
FRANCE | a 
Tekelec Airtronic eae COE Ch fa cipaae 
BP 2 92315 Serves Tel 1-46.23-23-32 | 57> none ee . ee ec) 
aedee Fax : 1-45-07-21-91 inato-Ku, Tokyo Fax : 03-3597-8975 
: Tachibana Tectron Co., Ltd. 
GERMANY 2-2-5 Higashiyma Meguro-Ku ___ Tel_ : 03-3719-2261 
. Tokyo 153 Fax : 03-3793-1329 
Rein Elektronik GmbH 
Lotscher Weg 66, D-4054 Tel : 2-153-733209 


Nettetal 1 Fax : 2-153-733371 


Setron Schiffer Elektronik GmbH 
Friedrich-Seele Str. 3A Tel : 531-80-980 
3300 Braunschweig Fax : 531-80-987 
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KOREA 


Bethel Electronics Intl., Inc(Corporate Office) 
16-9 Hangangro 3-Ga Tel = 02-704-5670, 
Yongsan-Ku, Seoul 02-716-5575 
Fax : 02-704-1839, 
02-716-5576 
Chongro Office Tel : 02-273-2251/2 
Yongsan Office Tel : 02-702-3236 


Fax : 02-702-3237 


Jeil Nanotec Co.(Corporate Office) — 


3F Mansung Bldg. Tel : 02-323-4291/6 

460-25, Seokyo-Dong, Fax : 02-323-4297 

Mapo-Ku, Seoul 

Sunin Office Tel : 02-703-1378/9 
Fax : 02-716-5930 

Yongsan Office Tel : 02-712-4700/1 


Fax : 02-716-3605 


Phalchun Co., Ltd.(Corporate Office) 


16-9 Hangangro 3-Ga, Tel : 02-702-1543/4 
Yongsan-Ku, Seoul Fax : 02-702-1545 
Sales Shop Tel : 02-702-3755/6 

Seungjun Sangsa Ltd. 

203-1 Jangsa-Dong, Tel : 02-274-6800 
Chongro-Ku, Seoul Fax : 02-274-5929 
Yongsan Office Tel : 02-701-6800 
NORWAY 

Nordisk Elektronik A.S. 


P.O Box 123, 1364 Hvalstad Tel : 02-84-6210 
Fax : 02-84-6545 


SINGAPORE 


Brilliant Electronics Pte, Ltd. 
12A-14A Lorong 13, Geylang Tel : 741-3455 
Road. Fax : 741-3016/7 


Components Assembly & Sales Pte, Ltd. 
112 Lavender Street, #04-02 Tel : 293-0811 
Chuan Building, Singapore 1233 Fax : 293-3006 


. Eltee Electronics Pte, Ltd. 
17 Harvey Road #03-01 Tel : 285-0633 
Singapore 1336 Fax : 289-5327 


DISTRIBUTORS 


Intraco Resources Trading Pte, Ltd. 


78 Shenton Way, #0401 
Singapore 0207 


SPAIN 


Lober S.A 
Monte Esquinza 28. 
28010 Madrid 


~ SWEDEN 


Nortec Electronics AB 
Box 1830 
S-171, 27 Solna 


Titan Electronics 
Box 7086 
S-191, 07 Sollentuna | 


SWITZERLAND 


Ascom Primotec AG 
Taefern Str. 37. CH 5405 
Baden-Daetwill 


TAIWAN R.0O.C. 


Chung Teh Co., Ltd. 

350, Min Sheng East Road, 
P.O. Box : 27-088 

Taipei 


Lebro Industrial Co., Ltd. 
Rm 1102, No. 185, Sung Chiang 
Road. Taipei 


Unigate Corporation 
SF 554 Lin Shen N. Road, 
Taipei 


UNITED KINGDOM 


Mogul Electronics 
Unit 11, Vestry Estate 
Sevenoaks, Kent TN14 5EU 


ESD Distribution Ltd. 
Edinborough Way, Harlow 
Essex CM10 2DF 


Tel 


Tel 


Tel 


Tel 


Tel 


Tel 
Fax 


Tel 


> 220-6133 
Fax : 


222-1123 


: 1410-6821 
> 1-410-6868 


> 8-705-1800 
> 8-83-6918 


> 87-54-98-80 
Fax : 


87-54-89-15 


: 56-84-0171 
Fax : 


56-83-3454 


: 02-501-8181 
> 02-501-5836 


: 02-503-6357 
> 02-501-7809 


: 022-597-3686 
> 02-597-3684 


: 732-74-1841 
> 732-74-2210 


: 279-62-6777 
Fax : 


279-44-1687 
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DISTRIBUTORS 


UNITED STATES OF AMERICA 


ARIZONA 


Aved Electronics 
7741 East Gray Rd., Ste. 9 
Scottsdale, AZ 85260. 


CALIFORNIA 


Aegis Electronics Group. 
1015 Chestnut Ave., Ste. G2 
Carlsbad, CA92008 


All American Semiconductor 
369 Van Ness Way, Ste. 701 
Torrance, CA 90501 


All American Semiconductor 


5060 Shore Ham Plaza, Ste. 200 


San Diego, CA 92122 


All American Semiconductor 


17220 New Hope Street, Ste. 211 


Fountain Valley, CA 92708 


All American Semiconductor 
2360 Qume Drive, Ste. C 
San Jose, CA 95131 


Aved(Corporate Office) 
1582 Parkway Loop, Unit G 
Tustin, CA 92680 


IEC 
6-B Autry Street 
Irvine, CA 92718 


IEC 
9940 Business Park Dr., #145 
Sacramento, CA 95827 


ITT Multicomponents 
1580 Oakland Rd., Ste. C-102 
San Jose, CA 95131 


ITT Multicomponents 
5 Jenner Street 
Irvine, CA 92718 


Jaco Electronics 


-2282 Townsgate Road, Ste. 100 


Westlake Village, CA 91361 


Jaco Electronics 
2880 Zanker Road, Ste. 202 
San Jose, Ca 93134 


9-6 


Tel 
Fax 


Tel 
Fax 


> 602-951-9788 
: 602-951-4182 


> 619-729-2026 
> 619-729-9295 


: 213-320-0240 
: 213-320-7207 


> 619-458-5250 
> 619-458-5866 


> 714-435-0115 
: 213-320-7207 


> 408-943-1200 
> 408-943-1393 


> 714-259-8258 
> 714-259-0828 


> 714-837-9960 
: 714-837-8308 


: 916-363-6030 
: 916-362-6926 


> 408-453-1404 
: 408-453-1407 


> 714-727-4001 
> 714-727-2109 


: 805-495-9998 
: 805-494-3684 


> 408-432-9290 - 
> 408-432-9298 


COLORADO 


All American Semiconductor 
25676 S. Norman Court 
Denver, CO 80224 


Aved Electronics 
4090 Youngsfield 
Wheat Ridge, CO 80033 


IEC(Corporate Office) 
420 E. 58th Avenue 
Denver, CO 80216 


IEC 
5750 N. Logan St. 
Denver, CO 80216 


CONNECTICUT 


GRS Electronics, Inc. 
296 North Piains Highway 
Wallingford, CT 06492 


Millenium Electronics 
3872 Main Street 
Bridgeport, CT 06606 


FLORIDA — 


All American Semiconductor(Corporate 


16251 NW 54th Avenue 
Miami, FL 33014 


All American Semiconductor 
5009 Hiatus Road 
Sunrise, FL 33351 


GRS Electronics, Inc. 
296 North Wickem Road, 
Melbourne, FL 32935 


ILLINOIS 


Components. Inc. 
1989J University Lane 
Lisle, IL 60532 


IEC 


2200 N. Stonington Ave., Ste. 210 


Hoffman Estates, IL 60195 


NEP Electronics 
805 Mittle Drive 
Wooddale, IL 60191 


Tel 
Fax 


Tel, : 
> 303-422-2529 


Fax 


Tel 
Fax 


Tel 
Fax 


Tel 
Fax 


Tel 
Fax 


Tel 


: 303-756-0817 
: 213-320-7207 


303-422-1701 


: 303-292-6121 
> 303-297-2053 


> 303-292-6121 
> 303-292-0114 
> 203-265-2078 


> 203-265-4274 


> 203-372-2037 
> 203-374-3201 


Office) — 


: 305-621-8282 
: 305-620-7831 


305-572-7999 
: 305-749-9229 


> 407-242-8157 
> 407-242-2372 
> 708-852-7707 


> 708-852-0263 


: 708-843-2040 
> 708-843-2320 


2 708-595-8500 
> 708-595-8706 


QPS Electronics, Inc. 
101 Commerce Drive 
Schaumburg, IL 60173 


Voyager Electronics 
804 Thorndale Avenue 
Bensenville, IL 60106 


INDIANA 


Altex Electronics 
12774 Old Meridian St. 
Carmel, IN 46032 


CAM RPC 
1329 W. 96th St. Ste. 10 
Indianapolis, IN 46260 


RM Electronics 
1329 W. 96th St, Ste. 10 
Indianapolis, IN 46260 


MARYLAND 
GRS Electronics 


6925 East Oakland Mills Rd. 


Columbia, MD 21045 


All American Transistor 
14636 Ruthgeb Drive 
Rockville, MD 20850 


Jaco Electronics 
Rivers Center 


10270 Old Columbia Road 


Columbia, MD 21046 


MASSACHUSETTS 


All American Semiconductor 


107 Audubon, Ste. 104, Bldg. 2 


Wakefield, MA 01880 


Jaco Electronics 
1053 East Street 
Tewksbury, MA 01876 


Now Electronics 
28 Lord Road 
Marlborough, MA 01752 


Worldtronics Corp. Inc. 
68 Adier Road 
Westwood, MA 02090 


Tel 


Tel 


Tel 
Fax 


Tel 


Fax : 


Tel 
Fax 


Tel 


Fax: 


Tel : 
Fax : 


Tel 
Fax 


Tel 


Fax : 


: 708-884-6620 
: 708-884-7573 


: 708-860-1300 


: 708-860-1573 


: 800-783-2589 
Fax : 


317-844-6593 


> 317-580-9999 
> 317-580-9615 


: 317-843-9403 
> 317-580-9615 


: 609-964-8560 


609-964-0423 


> 301-251-1205 
: 301-251-8574 


> 301-995-6620 


301-995-6032 


2 617-256-2300 
Fax : 


617-246-2305 


508-640-0010 
508-640-0755 


: 508-460-0187 
: 508-460-0467 


: 617-769-2344 


617-769-4588 


DISTRIBUTORS 


MICHIGAN 

Advent Electronics, Inc. 

24713 Crestview Court Tel 
Farmington Hills, MI 48335 Fax : 
CAM RPC 

32468 Schoolcraft Rd. Tel 
Livonia, MI 48150 Fax 
RM Electronics(Corporate Office) 

4310 Roger B Chaffee Tel 
Memorial Drive, SE Fax 
Grand Rapids, MI 49548 
MINNESOTA 

All American. Semiconductor 

11407 Valley View Road Tel 
Eden Prairie, MN 55344 Fax 
NEW JERSEY 

Marlac Electronics 

311 New Albany Road Tel 
Moorestown, NJ 08057 Fax 
GRS Electronics, Inc.(Corporate Office) 
600 Penn Street Tel : 
Camden, ,New Jersey 08102 Fax: 
NEW YORK 

All American Semiconductor 

711-2 Koehler Avenue Tel 
Ronkonkoma, NY 11779 Fax : 
CAM RPC 

2975 Brighton Henrietta Tel 
Town Line Road _ Fax 


Rochester, NY 14623 


Jaco Electronics(Corporate Office) 


145 Oser Avenue Tel 1: 
Hauppauge, NY 11788 Tel 2: 
Fax 


Janesway Electronics(Corporate Office) 
404 N. Terrace Avenue Tel : 
Mt. Vernon, NY 10552 Fax : 


: 313-477-1650 


313-477-2630 


> 313-427-4800 
: 313-427-4820 


: 616-531-9300 
: 616-531-2990 


> 612-944-2151 
: 612-944-9803 


> 609-234-4200 
> 609-234-0672 


609-964-8560 
609-964-0423 
609-964-2585 


> 516-981-3935 


516-981-3947 


> 716-427-9999 
> 716-427-7559 


800-645-5112 
516-273-5500 


> 516-273-5528 


914-699-6710 
914-699-6969 . 
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DISTRIBUTORS 


Rome Electronics 
216 Erie Blvd. East 
Rome, NY 13440 


Rome Electronics 
340 Harris Hill Road, 
Williamsville. NY 14221 


NORTH CAROLINA 


Jaco Electronics 
3029-107 Stonybrook Drive 
Raleigh, NC 27604 


OHIO 


CAM RPC 
733H Lakeview Plaza Rd. 
Worthington, OH 43085 


CAM RPC(Corporate Office) 
749 Miner Road 
Cleveland, OH 44143 


Schuster Electronics 
11320 Grooms Road 
Cincinnati, OH 45242 


OREGON 


TEC | 
6850 S.W. 105th Ave., Ste. B 
Beaverton, OR 97005 


PENNSYLVANIA 


CAM RPC 
_ 620 Alpha Drive 
Pittsburgh, PA 15238 


GRS Electronics, Inc. 


Tel 
Fax 


Tel 


Tel 
Fax 


Route 183 & MacArthur Boulevard 


Airport Iridustries, Bldg. No. 2 


Reading PA 19605 
TEXAS 


All American Semiconductor 
1819 Firman Dr., Ste. 127 
Richardson, TX 75081 


. Jaco Electronics 
1005 Industrial Blvd. 
Sugarland, TX 77478 


Jaco Electronics 
2120 A West Braker 
Austin, TX 78758 
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Tel 


Fax: 


Tel 


Fax : 


: 315-337-5400 
+ 315-337-2388 


: 716-626-1602 


: 716-626-1609 


: 919-876-7767 
> 919-876-6964 


> 614-888-7777 


: 614-895-1550 


: 216-461-4700 
: 216-461-4329 


: 513-489-1400 
: 513-489-8686 


: 503-641-1690 
: 503-646-3737 


: 412-963-6202 
> 412-963-6210 


> 800-255-5756 


215-375-4513 


> 214-231-5300 


214-437-0353 


> 713-240-2255 
: 713-240-6988 


> 512-835-0220 
> 512-339-9252 


Jaco Electronics 
4251 Kellway Circle 
Addison, TX 75244 


Janesway Electronics 


1701 N. Greenville Ave., Ste. 906 
' Richardson, TX 75081 


Omani Pro Electronics(Corporate Office) 
Tel : 


4141 Billy Mitchell 
Dallas, TX 75244 


Omni Pro Electronics 
1014 Castile Road 
Austin, TX 78733 


Omni Pro Electronics 
10101 Southwest Freeway, 
Suite 400 

Houston, TX 77074 


UTAH 


Aved Electronics 
1836 Parkway Blvd. 
Salt Lake City, UT 84119 


IEC 
2117 South 3600 West 
Salt Lake City, UT 84119 


WASHINGTON 


IEC 
1750 124th Ave., N.E. 


’ Bellevue, WA 98005 


Jaco Electronics 
14400 Bell-Red Road, Ste. 110 
Bellevue, WA 98007 


WISCONSIN 


NEP Electronics 
2604-06 S. 162 Street 
New Berlin, WI 53151 


Progressive Image 
10617 W. Oklahoma Avenue 
Milwaukee, WI 53227 


. Tel : 
Fax : 


Tel : 
Fax": 


Fax:: 


Tel 


Fax : 


Tel 


Fax 


Tel 


Tel 
Fax 


214-733-4300 
214-250-0216 


214-437-5125 


214-699-3671 


214-233-0500, 
800-926-8926 
214-385-7508 


> 512-794-9200 


512-338-9576 


: 713-270-1700 
: 713-270-8020 


: 801-975-9500 
: 801-977-0245 


: 801-977-9750 
: 801-975-1207 


> 206-455-2727 
> 206-453-2963 


: 206-649-9867 
: 206-649-8691 
: 414-785-9100 


> 414-785-9131 


> 414-321-4722 
> 414-321-4665 


